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PREFACE. 



A. FEW observations will be necessary to 
explain the motives which induce the Author 
to offer an elementary work on a subject 
that already possesses so many advantages 
of this kind. It is but justice to state, that 
it was not produced in the mere spirit of 
Bookmaking, nor in the presumption that 
the general principles of Chemistry are better 
displayed in this work, than in many others 
which have already been published. Its 
real object is to aid the exertions of the Au- 
thor as a public lecturer amongst a juvenile 
class of auditors in many of the most res- 
pectable seminaries. 



In an extensive subject, like that of Che- 
mistry, it is hardly to be supposed that 
young persons, whose minds are occupied 
by other studies, can retain a connected 
view of the whole subject of a Lectins of 
which they have no previous knowledge ; 
it therefore becomes liighly advantageous, 
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VUl PREFACE* 

not only to prepare them for what they are 
to hear, but likewise to give them a means of 
reverting to the subject afterwards, the more 
eflfectually to impress it on their minds. 
This, it is apprehended, cannot be better 
done, than by supplying them with a work 
in which the subject stands in the same or- 
der as the lectures dehvered. 

It is presumed that this general outline 
may likewise be found useful to those at a 
more advanced period, who may not have 
had an opportunity of paying much atten- 
tion to chemical subjects, yet are desirous 
of taking the advantage of public lectures, 
to promote their knowledge in the laws and 
operations of nature. 

A plan, similar to the present has been 
adopted, with respect to natural philosophy : 
an elementary book on this subject, has 
already met with considerable success ; but 
as it embraces only a part of the subjects 
which are dehvered in the Lectures, it be- 
comes the more necessary to give a general 
view of the whole, by adding the present 
publication. 



Elements of Chemistry. 



INTRODUCTION. 



XN a philosophic point of view, the opera- 
tions of nature, as far as they are known to 
man, may be divided into two parts. Me- 
chanical and Chemical. Mechanical as re- 
lating to the eflfects produced by matter and 
motion ; and Chemical as referable to those 
spontaneous changes which are perpetually 
taking place amongst the ultimate or con- 
stituent particles of matter. 

If a stone be* let fall, it descends by the 
power of gravity, and with a momentum or 
force, according to the mass of matter mul- 
tiplied into its velocity. Or if a ball be dis- 
charged from a cannon, it will take a di- 
rection compounded of the projectile force 

b 



X INTRODUCTION, 

of the gunpowder, and the influence of 
gravity. 

These laws of nature operating on masses, 
have no relation to the principles of the 
elements employed in forming those masses. 

They are to be considered as purely me- 
chanical; equally relating to the revolutions 
in the planetary system and the most ex- 
tensive operations of nature, and to the con- 
struction ^nd action of every mechanical 
machine^ 

All mechanical power or advantage arises 
fe>m a diflference of velocity between the 
acting and resislii^g forces ; ttie moiMenta 
of which are compounded of i»atter and 
motion. 

In the ^constjpuction of a Clodc ; tiie mov- 
ing power is obtained from the gravity a^f the 
weight, the equal division of time fiom 13^ 
vibratioin of the pendulum, and tiliciquatitity 
of motion from the wheel work ; all of thdte 
mee fnechanicad operations, ^and^uaHy^^dG^ 



INTRODUCTION. XI 

.peydant upon matter and motion ; but it is 
fur otijerwise with the ehemistry of nature ; — 
Uece is no regard to the quantity of matter, 
nor to the influence of velocities. 

All chemical effects arise out of the cliafl- 
ges that take place aipougst the integrant 
or constituent particles of matter; whicli 
changes are produced by the different elec- 
trical capacities of these particles. 

Xf a piece of sugar be thrown into a glass 
of water, tliis sohd mass speedily disappears, 
and the transparency of the fluid is not al- 
tered. Here some peculiar operation niust 
have taken place bet\vcen the two bodies, 
otherwise the cohesion of the particles of 
the solid would not have been overcome, 
and these particles so minutely sepai-ated 
from each other, and etjually distributed 
througliout the fluid as not to impede the 
ti^nsmission of hglit. This effect is now 
4ttribu.ted to the difterent electrical states 
of the two bodies, by which means the op- 
posite particles are united in resj,oring tlj.e 
electsJQaJ equilibrium. 
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XU INTRODUCTION. 

Chemical or electrical affinity not only 
brings opposite bodies together, but the 
combination frequently exhibits properties 
totally diflferent from those of the bodies of 
jv^hich it is composed : for instance, the 
common salt, which is so plentifully used, 
is formed by the chemical union of mu- 
riatic acid and soda. These bodies in 
their respective states are highly corrosive, 
and would soon produce fatal effects if they 
were poured separately into the stomach; 
but united by chemical agency, they pro- 
duce a harmless mass, which is agreeable 
to the palate, inoflfensive to the stomach, 
and highly useful in antiseptic processes. 

It is under this mechanical and chemical 
view that we investigate the procedure of 
nature, and render her operations useful to 
man. The laws of Mechanics have been 
clearly defined and well understood for 
some centuries past: but Chemistry ^ an 
equally important part of the volume of na- 
ture^ is even at the present hour but imper- 
fectly known. It is more than probable, 
that since the creation of the world to the 
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middle of the last centuiy, this subject has 
never been the object of scientific enquiry, 
or treated in any way worthy of its great 
utihty ; whether we consider its influence 
in the arts and manufactures of every en- 
lightened country, or view it as one of the 
great operations of nature, which displays 
the admirable contrivance and infinite wis- 
dom of the Deity. 

There are but few of the arts in which 
chemical agency does not interfere. In some 
of the following, success must in a great 
measure depend upon the degree of chemi- 
cal knowledge that is employed. Of this 
description are Dying, Bleaching, Calico 
printing, Brewing, Wine making, Distilling, 
the making of Vinegar, Soap, GlasSjTanning. 
The conversion of earth into the most 
beautiful porcelain, and the reduction of 
ores into metals, which are so usefully and 
extensively employed, depend entirely upon 
chemical processes. 



I 



Man)' of these arts are of great antiquity ; 
biit tliis aftbrds 410 proof of the early exist- 
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enfce of Chetaistry els a ScifeflCe. The ex- 
celleHee of ttiaily atiCifent iriaiitlfectttt68, 
Hiust tathei* h6 attributed to chaiice, thaii 
to ahy feyStteiliatic khoM^d^ Of chfehikftl 
ptinfci'ples. Wine fe iftefltib6i6d itt holy ^^ri*, 
As bfeJrig pittdUcfed At A Vei-y eftrly period; 
biit the spontahieOus opferatiofas Of nfttiirfe 
"WrOuld alone be sufficient to form this litjuor. 
Thirst, one of the most iii^nt ttfecessities 
of man, would be gratified by the agreeably 
dnd refreshing juice of thfe grapfe ; and as 
thfe could not be obtaihed at all titties^ it i8 
ife^soriable eiittUgh td Stl J>pdfeei that he WbuM 
^kpress this jiiitee to iifefV6 him Wheh the 
^eiasdti mi^t ttot offer thte fhiit for his t^ 
fifeshmeiit. The time of expitessitt^ the ripe 
#Uit iis at a pfetiod trheh thte isJolar heat iti- 
4rices n fermdntation, which sp^dily con- 
Vc¥t^ thie i^accharihe subStAftcte of the grape 
hi to Alcohol, a pungeht, aVdent^ ihtoJcicatift^ 
•ftciid ; and thfe nfa^tartil 'prbiJesfr, it ^dUM 
sefettt, did notVfe*«9et the bteVefrtige fess a^*- 
able to our forefathers. — Thus itihy tetv^ 
arisen the production of wine. 

" Many other arts knbwti t6 ttle aftci^ts, 
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may, in a similar manner, be attributed to 
the spontaneous changes of nature, or to a 
kind of chance, produced by jumbling to- 
gether different ingredients, in the pursuit 
of objects very foreign to the discovery. 

The arts and sciences had, no doubt, made 
considerable progress amongst the Egyp- 
tians; but our ignorance of the chavacters 
of their language, reuflei's useless the records 
of their knowledge. 



Tlie historic accounts of the subsequent 
Greek and Roman states, shew us, tliat 
their information in the operations of nature, 
was of a very imperfect and limited kind ; 
^thoagh tlie valuable remains of classical 
science, eminently prove that literature was 
at these periods in tlie highest state of exal- 
tation. Of chemistry we have not a single 
word ; and as to natural pliilosophy, savmg 
some mechanical principles of Archimedes, 
we have notliing worthy of our attention. 
Ilms, shut out from a knowledge of Nature's 
laws, they were unable to trace the Oeity in 
his works, and were therefore imperfectly 
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informed of a Divine Being, until a Savioijf^ 
manifested his Omnipotence in the redemp- 
ticMi of the world. 



Chemistry may date its birth from i 
spurious parent Alchemy. The Arabians 
first became infatuated with the ridiculous 
notion, that all matter was resolvable into 
Mercury, and that Mercury might be trans- 
muted into Gold, the purest state of matter, 
from which a fluid might be obtained that 
would preserve the human body from disease 
and death. These absurd notions rapidly 
spread through differeril parts of Europe, 
and an infinite number of experunents were 
tried to effect the desired purpose : — it is 
hardly necessary to say, that these experi- 
ments met with the fate they deserved. 

From the attempts of the Adepts, (as these 
experimenters were called,) in the combina- 
tion of various materials, different effects 
were produced, which were fortunately re- 
corded. When the fury of Alchemical pursuits 
bad subsided, these investigations obtained 
more sober consideration ; certain analogies 




INTRODUCTIOW. 



I 



were noticed and arranged ; and we may 
fairly date tlie commencement of chemical 
xcience from this seia. 

But this period, in Europe, was unfavour- 
able to scientific piu^uits ; Bigotry and 
Superstition, those enemies of true Religion, 
were equally the enemies of science ; and it 
would have ill befitted the interests of the 
religion of that day to suffer mankind to 
exercise their reason in the laws of nature, 
or investigate in them, the beneficent Attri- 
butes of the Deity. The interest of the 
church was to establish a pohtical standard 
of faith, and every departure from this stan- 
dard was to be considered as a heresy that 
merited the severest anathemas and tor- 
ments. 

The following example will illustrate this 
assertion ; The transcendant talents of Coper- 
nicus, had illuminated Europe with his sub- 
lime theory of the Solar System. The philoso- 
phers of the age were struck with the beauty 
and sublimity of his principles. Galileo, aman 
of no common understanding, led on by the 
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radiance of truth, propagated llie Copemi- 
can system amongst his disciples, and re- 
futed the principles of Ptolemy, who hadi 
established the absurd doctrine, that the 
earth was the centre of our system, and that 
the sun, and the planetary bodies, revolved 
round it 

This daring imiovation called for the ven- 
geance of the Church, and Galileo was sum- 
moned to appear before the holy inquisitors 
to answer for his heresy. Personal con* 
sideration overcame the influence of trath, 
and this great philosopher fdl. He declared 
4iiat he did not beheve the Cop^nican princi*- 
ples which he had prcanulgated,and signed a 
-solemn denial of his former opinion, which 
was immediately sent forth to reclaim the 
professors of truth and reason ; whilst the 
unfortunate Galileo, pining with grief for 
his pusillanimous conduct, died of a broken 
heart. 

But, to return to our brief history of Che- 
raistry ; we find this sniigect assuming some- 
4^ing of a scientific appearance^ under the 
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talents of Boyle, Hooke, Mayow, Boerliaave, 
and Newton ; which was atlterwards greatly 
improved by Eulcr, Leibnitz, and Sthal ; 
htit it Is only within the last fifty years that 
■ne are to look for the regular organization of 
cliemical science. 

■ The researches of Priestly, Black,Craufiird, 
Cavendish, Scheele, Lavoisier, Fourcroy,Bcr- 
thollet,and many other equally meritorious 
chemists of the Enghsh, French, and German 
nations, have laid the solid foundation on 
which the science now rests ; but the super- 
structure was reserved for the unequalled ta- 
lents of our countryman. Professor Davy ; nor 
should the aid supplied by the unwearied ap- 
plication of Gay-Lussac, Theuard, Hatchett, 
A-]len,Henry,and many others, be forgotten. 

The bright aspect of the present, foretels 
our fiiture success ; and we may close these 
introductory observations, witli the probable 
and early expectation of very important 
chemical discoveries. In Europe, bigotry 
and superstition are daily sinking into obli- 
rion ; the mild and benignant principles of 
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true religion^ are opening the way to a libe- 
ral and eidightened policy which establishes 
man in his rational liberty ; divests him of 
the fear of persecution^ either in a religious 
or poUtical point of view, and leaves him 
the full exercise of reason in investigating 
those law^ of Nature, which the Deity has 
implanted for his use and improvement. 
The progress which has already been eflfected, 
under this sacred sanction, within a few 
years, is a strong guarantee for what we 
have a right to expect ; and we have now 
this important satisfaction, that since the 
creation of the world to the present moment, 
the admirable book of Nature has never 
been so fairly displayed to the rational and 
inquisitive mind» 



Chemical Affinity. 



JL ILL within a short period, chemical attrac-* 
tioD, like the attraction of cohesion, or universal 
gravity, was seen, but not understood. The dif- 
ferent compositions and decompositions were at- 
tributed to an inscrutable operation of nature : 
but the intelligent and penetrating mind of Mr. 
Davy, has unravelled this mystery ; and num- 
berless experiments now prove to us, that che- 
mical affinity is nothing more than electrical 
attraction. 

• 

It has been long observed, that different bodies 
have greater or less capacity in conducting the 
electrical fluid, and this conducting power is 
"Supposed to arise from the disposition of the 
body itself for electricity. Hence, it has been 
concluded, that this universal fluid resides in 
diflferent quantities, in different bodies, and that 
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a body is capable of changing its quantity un- 
der different circumstances ; which, conse- 
quently, changes its conducting capacity. 

Iron, for in^tance^ is a good conductor of 

^electricity, in its metallic state; but becomes 

an imperfect conductor, in the character of an 

oxide, that is, when the metal is united with the 

elementary body, oxygen. 

Glass, which is a non-conductor of electri- 
city, becomes a gofd cwdii(?t9f, w^i^n iit |s 
heated to AOOolM^kteVih^t'^ l^T»MwweJer ; wd 
waSer, which is sm eiiipcllwt oop^UQlor m ijte 
&ud state, is a oiOiii-CjwdvK^or m it;^^ ^Qf^ iM^« 

From these aad mwy pfcl^r qhwges ;iyhic}> 
arc produced by what are c^lM <?hww«»l ^gcin- 
des, Mr. Pavgr wm ifid to Jiv^pf^t^ tMt tbies^ 
agencies, or affinities, WiCffeiKot the i^^^e, but 
merely the effect of electrical changes ; ^d ^9^t 
all chemical combination is produced by the 
liiffiKrent istaies of electadcity i^oflsess^ Iskjt the 
liodiesipreyious to their union. 

. These very ii^portant aaftd intei^tiiig Q^jifl^^ 
kM»t been siatii^Gftctorily oon&mfied by D^q^r- 
less ^experiments with Cbe Voltaic ApfiEM^wi|:(9f, 
M jitii^ iSt;^! called by soim, fialwairispi, . 
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Suppose two bodies, possessing different elec- 
trical capacities, have their ultimate particles 
brought near to each other by solution ; from 
the positive and negative state of the particles, 
they will unite by electrical attraction, and the 
action between them will cease: bat if the force 
which unites these two bodies be overcome by 
a superior electrical influence, the particles wilt 
separate again, and a second combination take 
place. 

For example, suppose the acetate of lead 
(which is a salt produced by the chemical union 
of the acetic acid, or vinegar with lead,) he dis- 
solved, and exposed to the influence of the vol- 
taic electricity, we immediately obtain the lead 
in its metallic state. 



The principle by which this is effected is as 
fallows : Oxygen, which is the cause of acidity, 
and forms a considerable portion of the salt, 
possesses a negative electricity : the lead is a 
metallic inflammable body, existing in a state of 
positive Electricity; these unite by electrical 
-attraction, -and form the salt ; but when a solu- 
tion of this compound body is subiected to th« 
action of the voltaic trough, one end of which 
gives out positive electricity, and tiie other ne- 
-gative, the positive end of the apparatus Jiaviug 
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more influence, or being in a higher state 
of electricity than that of the lead, the *acid 
leaves its inferior combination and flies to the 
superior; deoxygenizing the lead, and leaving 
it in its original metallic state. 

The same principle is pleasingly illustrated 
by a solution of sulphate of copper, or blue vi- 
triol. As soon as the electric wires are brought 
into the solution, the copper, in its metallic 
state, begins immediately to form upon the ne- 
gative wire. 

The following experiment of Mr. Davy is 
peculiarly demonstrative of his important dis- 
covery. 

If a solution of sulphate of iron, or green vi- 
triol, as it was formerly called, be put into one 
glass, the fluid alkali, ammonia, or spirit of harts- 
horn into another, and pure distilled water into 
a third, and they be placed in this order between 
the two extremities of the voltaic apparatus, 
bringing one wire of platina from the positive 
end, into the water, and another from the ne- 
gative end, into the solution of sulphate of iron, 
the intermediate vessel which contains the am- 
monia, being connected with both the others 
by means of a piece of asbestos, it wiU be found 
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th^*! the sulphqric acid contained injthe sulphate- 
of iron,; . will p*M through the Avhole mass of the, 
aiiunOkQ.j^;,!fpr;>fhich it has a powerful affinity^ 
without, the least combination^ and form itself 
at tbe.end. of : the positive wirq in the disrtillqd. 
water, which in a short time becomes acidulous. 
Tfeift very ^atisfacltorily prpyes that domical 
amd*;,^eetriGal affinity arjc^the. sajne, and.,tjiat 
ciiemif^aliCom^Haatioiis solely depend ^pon^the 
cjiffercnt statpi^of. the electric fluid which riesides 
in bodies^ j - . 






7^ Qliiitain. chemical combination between two 
bpdiQs^, it is. necessary tb^at one of the two, at 
least,. should be in a fluid state,. 

• . ••-■•■. ■ . * 

When two or more bodies chemically combine, 

the temperature changes at the moment of com- 
bination.: When.the tgnaperaturg; is increased, 
and heat iS; giv^ixput, ;tbe ultiinate. particles qi 
the bodies are brpugl^t nearex together, and the 
compound tends tQwsirds; solidity- When the 
temperature is diminished, it is exactly the re- 
verse; the sensible heat becomes latent; the 
partides of the bodies* are further separated by 
it,, and; the mass tends towards fluidity. The 
Chemical affinity between two bodies becomes 
weaket and weaker as they approach towards 
saturation. The first portion of salt put into 

c 



2fi CHEMICAL AFFINITY. 

water unites with it more powerfully than the 
second ; the second than the third, and so on, 
until the water is saturated, or will hold no more 
in solution; after this, any additional quantity 
of salt falls in an undissolved state to the bottom. 

Chemical compounds acquire new properties, 
and frequently vary in consistence, smell, colour, 
form, and effect from the separate bodies of 
which they are composed. Muriatic acid and 
Lime have each a very corrosive taste : the acid 
reddens vegetable blues, and the lime turns them 
green ; but when united they produce no effect 
upon vegetable colours ; lose their corroBive 
taste, become intensely bitter, and form a 
clirystallized salt, called muriate of lime. 

To a solution of muriate of lime, which is 
clear and colourless, if a few drops of a solution 
of potash be added, the lime will be precipitated 
and fall in an insoluble mass to the bottom of 
the vessel, which is again taken up on pouring 
in a small quantity of dilute sulphuric acid. 

This is a good example of simple cbemici^, 
affinity. The muriate of lime is formed by the 
negative state of the acid united with the posi- 
tive state of the lime ; but the potash being in a 
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higher state of [xwitive electricity than the lime, 
the latter ts displaced or thrown out of its coiH- 
biaatioD with the acid, which becomes occupied 
by th« aJkaU till a small quantity of sulphuric 
acid is thrown in ; this seizes on the potash, and 
suffers the lime to unite again with the niuria- 
fetcacid. 

There are many oth<r entertaining and in- 
teresting experiments to explain this theory ; 
but aufficicBt has already been said to give a 
generaJ idea, oi the subject ; a few more will 
howavtr be mentioned, merely as a asatter of 
amusement. 

To a solution of carbonate of potash, pour a 
small portion of sulphuric acid, and an abundant 
quantity of carbonic acid gas will be set free. 

Take a solution of nitrate of copper, and add 
to it a solution of potash, the copper will be im- 
mediately precipitated. 

Take a very dilute solution of nitrate of cop- 
per, and pour into it a small quantity of liquid 
ammonia; a beautiful blue colour will be in- 
stantly produced, which may be again destroyed 
by a few drops of sulphuric acid. 
C2 
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If tincture of galls be poured into a solutiom 
of sulphate of iron, common writing ink is im- 
mecMately fdrmed : this may be decomposed/ 
d*d the fluid again rendered colourless by add- 
infg a Few drops of sulphuric acid. 
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If sulphate of soda be rubbed in a mortar 
with nitrate of ammonia, the two solid masses 
\A\\ speedily unite and become-fluid. 

'' If a saturated solution of muriate of lime be 
JKDtired intoa' saturated solutifon of potash, or 
ioA% asolid masi will be instantly formed from 
their union. 
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Chrystallizafion* 
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THE terai chrystallizatioi^ is here only in r 
tended to express the aggregation of the parti- 
cles of salts whicH are held in solution by a 
fluid. Tills aggregation is produced by the at- 
traction of cohesion, and is an effect directly 
the reverse of that which produces the solution 
of salts. 

. Take a saturated solution of sulphate of soda^ 
or Glauber's salt, boiling hot, and completely 
fill a glass bottle with it, then tie over the mouth 
of the bottle, a piece of bladder, and let it stand 
to cool. When the temperature of the fluid is 
reduced to that pf the atmosphere in which it is 
placed, cut the bladder, and the process of 
chrystallization will immediately commence. By 
this means, in a few seconds, the saturated fluid 
win he cpn vijrtcd into a solid mass of chrystal* 
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The principle appears to he as follows : The 
affinity between the water and the salt is aided 
by the influence of heat ; which dissolves the 
greatest quantity possible of the salt; in this 
state the fluid is coveredl over, and as the tern- 
perature diminishes, the bulk diminishes, and 
the atmospherical pressure is kept off from the 
surface, by the bladder which covers the neck 
of the bottle. At the temperature of the atmos- 
phere, the attraction of cohesion amongst the 
particles is not sufficient to overcome the sepa- 
rating influence of the caloric contained in the 
fluid ; consequently, the mass remains in a fluid 
state : but if a hole be made in the bladder, the 
atmospherical pressure instantly acts in aid of 
the attraction of cohesion, by pressing the par- 
ticles towards one another. Under these cir- 
cumstances, the attraction of cohesion becomes 
greater than the opposite influence; a consi- 
derable quantity of heat is evolved, and the 
)>articles of the salt aggregate , forming regular 
cbrystals. 

Diffeisent salts chrystallize in diflferent forms, 
but the same salt, however freq«cntly it may 
be dissolved, will always resume the same figure. 

The principle under which this arrangement 
iftfbnbfd, has long been a subject of ctosiderable 
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interest, and has recently been greatly elu- 
cidated by the labours of the French chemist, 
Hauy. 



There are a considerable number of salt&i con- 
sequently a great variety of regular chrystalline 
figures ; and when we reflect, that the particles 
of the different salts of which these chrystals 
arc formed, were miliiitfely distributed through- 
out the solution, it will excite our admiration 
that they should invariably take the same ar* 
rangement, so that each salt may immediately 
be knpwn by the form of its chrystal ; yet thus 
beautifully regular are the laws of Nature. 
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Caloric, or the Matter of Heat 



THIS part of our subject, is of all others the 
most interesting, and deserving' of particular 
consideration : great progress has already btoi 
made, but still our most approved theories leave 
many of the phenomena of heat unexplained. 



The great importance of Caloric, or the prin- 
ciple of Heat, will readily be admitted, when 
we look round into the great mass of created 
matter, and find this subtile fluid diffused 
throughout every part. From its universality, 
it is evident that it is intended for great and 
important purposes ; and seeing that bodies as- 
sume different bulks, under different quantities 
of active heat, it is reasonable to suppose that 
to its potent influence, matter is indebted for 
many of its modifications ; and that bodies have 
different specific gravities, according to the 
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quantity of latent beat which they naturally 
possess. . *. 

The power of attraction is that uniTersal in- 
fluence by whiiShfth^^particlesi of matter arc 
uufited,' atid solids are formed : this power, mo- 
dified by the opposing influence of heat, may 
mot only give to' different masses their peculiar 
constitution, but the changes of capacity for 
heat may produce every chemical operation in 
iiat^ ; and experiments sufficiently shew^ that 
k\\ chemical combi^iiiaticms are accompanied by 
changes of temperature. 






Independently of these two important agents, 
Attraction and Caloric, there is a third to be 
considered^ which ;is the pressure of the atmos- 
phere. '■ ■ '"■ '^ ' -^ ''' •'-•■ • ' ' ; 
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This' eltotic fluid j * which surrounds the earth 
to a cohsiderable hei^ht^ is acted upon by the 
pbwer of attraction, according to the quantity 
of matter; in common with all other bodies. 



« , 






Tlie gravity, or pressure, with which the *t- 
mbsphere acts* on the surface of the earth, 
aimounts to atbouk fifteen poun^ds on every square 
inch: this ' pressbte serves as 'an i intermediate 
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power between the oppcmiig m^ueiices of at- 
traction and caloric. 

It is to the weight of the atmosphere we are 
indebted for many fluidis^ plrtienlarly water; 
for if no other power existed besides attraction 
and caloric, as soon as ice became It quifie4 hj 
heat, it would instantly pas6 into the state. ^ 
tapour. 

The solid state of water^ or ice, is prodA€e4 
by the force of cohesion and the abstraction ^f 
heat: but as ice is supplied with caloric^ the 
power of coliesion is diminished, till at length 
the particles are so far removed as to lose their 
fikity, and form a fluid. From this state, it 
would instantly pass into vapour, if it were not 
retained by the pressure of the atmosphere ; for 
the power of attraction being overcome, the 
particlei of die fluid '^duld immediately obey 
the separating influence of heat, and be driveoi 
to a prodigk>ut distance asunder ; but the at*- 
mos{]4^rical pressure aids the force of aitractioot 
and although the attractive influence is so far 
o^rercome by callxric as to produce c( densejSyid, 
yet its diverging force is restrained by ^he pres^ 
sure of the atmosphere, nntit a avlflicient apcu- 
thulation of heat be obtained to overO<>me<ithis 
additional power. 
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If we take ice and place it in a vessel over the 
fire, the ice witi begin to melt, but the melted 
fluid will be as cold as the ice, until the whole is 
dissolved. For, asfast as the heat enters, itseizes 
on a portion of the solid ; liquifies it, and becomes 
latent in the fluid which is formed. A certain 
quantity of heat is essential to form or consti- 
tute a fluid ; nor can fluidity exist without it. 
Tlie whole of the ice being melted, any addi- 
tional quantity of heat becomes active or sensi- 
ble, and the temperature is increased to a certain 
extent, under the pressure of the atmosphere, 
without altering the state of the fluid. But this 
point being obtained, the atmospherical pressure 
can no longer restrain the eifects of this accu- 
mulated heat, and the water is instantly con- 
verted into steam ; a highly elastic vapour, 4000 
times lighter than water. 

This general theory is interestingly confirmed, 
by taking a jar of water, about milk warm, and 
placing it under the receiver of an air pump; 
as soon as the atmospherical pressure is with- 
drawn, byexhaustingtheair, ebullition instantly 
takes place, and steam is copiously given out. 



All bodies change tlieir bulk as their tem- 
perature . clcmges. 
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The preceding observatipna shew that water 
exists in the '$oIid^> fluids! or gaseous state, vary- 
ing its bulk according, to. thieUiifFeretit degrees 
of heati: tbc: : saioe . principle i applies g^n^rally. 
Metak tinaexht in a.3<NJdy fluids rpr gaseous 
state^.and with increaise- of hulkv'iaocprding.to . 
the increase of heat. ; Even ,$. bar of iron wiU 
vary in its size as the atmospherioal temperaturis 
varies, and its dimensions will be; greater in suijir 
niier than in .winter. . . 

Quicksilver was long considered as a per- 
manently fluid metal; but, by a certain priva^ 
tion of heat, it becomes solid and malleable, like 
other bodied, aqd its bulk inqraases as the tem- 
perature, increases, until it is converted into a 
gaseous state. 

• . ' 

There are some bodies in which these various 
changes cannot be produced,; but this must pot 
be used . as argument against; the general ex^ 
pansion of bodies by heat: it^ only shey^rs our 
ignorance or inability in ppqratiqg; upon, theni. 
Clay may seem an exception to. the. general prin- 
ciple, as it contracts by heeit; .but this arise$ 
from the chemical changes that take place 
amongst the particles of the bpdy.^ . By burning, 
clay undergoes a semifusion, and,; the arrange- 
ment of its particles is entirely changed. 
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Mr. Wedgwood formed ah instrument, calleii 
a Pyi-ometer, for ascertaining high tcitipieratures, 
by the contjraction of baked clay. 

r 

■ I . ' 
> • . • i 

The bulk of water is increased when frozen, 
which arises from the arrangement ^f the parti- 
cles, in the act of chry stall izdtjionl , ' 
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From the fluidity of quicksilveTji and its lie-- 
gular expansibility under different degrees of 
heat, it is employed m forming the thermometer. 
Fahrenheit, tbeinventer of the thermometer most 
generally emplp^ed' in Englaiktd^ lodttstructed 
it in the folio^itig manner/: • He>i<iook"a glass 
bulb and tube and'fiUed it with [quicksilver, he 
then exposed ^it to the^i^eateiEiticfegree of heat 
the quicksilver would bear, without passing ihto 
the state of vapour, and hermetically sealed the 
cridiof the tube: it ^as afterwards placed in the 
greatest ^ degree ' ofi< ardifiJcial cold i that; could be 
produced;, this^ fofmed- the wihoi^ itangeof bis 
scale, which vmH divided;ihto 600 partSi i When 
the thelmometer iwas placed ih water: just be^' 
ginning ito .^freeze, iithe quicksilver/ stood at 
the S2d division, and iii water just beginning 
to boily at the SllSth, which iare called the freez- 
ings and boiling-points. Water does not in- 
variably boil: at SlSd^greeis; this depends upon 
the state 6f atmoi^faerical pressure : when the 
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Barometer staiids at 31 inches, water will not ■ 
boil iiutil it has obitained a temperature of about 
215 degrees; ami at the height 2S incites, it 
will boil at 309 degrees. 



1 

It 

M 



The present mode of constructing the Ther*^' 
mometer, is, by placing the bulb and tube in 
boiling and freezing water, and dividing the dis- 
tance between these two points into 1 SOtlivisions. 

Concerning the nature of heat, a greater va- 
riety of opinions have been offered ttian, perhaps^ 
on any other subject in natural philosophy : we 
canaot examine it in a <letached state ; it is pre- 
sented to us in perpetual combination, aitd with 
eftects as variable as the bases with which it is 
united. 

Some of the eai4ier chemists supposed heat to 
be generated by the vibration or motion of the 
particles of bodies amongst themselves, and 
^UB to be a mere quality of matter. A piece of 
iron is made red hot by hammering it on aa 
anviL Two pieces of wood may be rubbed to- 
gether tUl they set each other on fire. A flint, 
also, striking a steet, detaches pieces of red hot 
metal. These, aud similar experiments, were 
supposed to be produced by the action of the 
particles of maUer amongst one anotiier. 



I 
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Boerhaave appears to be the first who con- 
jectured Heat to be an independent body uni- 
versally diffused, but varying in quantity in 
diff'erent bodies. Further enquiry confirms this 
supposition, and in tlie present sera of chemical 
science^ little doubt remains ob the subject. 

The sun is the sonrce of light and heat ; but 
whether light and heat are modifications of the 
same thing, or two distinct bodies capable of 
combiiiatioo, is a question not yet determined. 

Some have supposed that light is heat in a 
projectile state ; or that heat, accumulated to a 
certain extent, flies off in the character of ligbt, 
and that the projected particles may exist at 
such distances from one another, that a sufficient 
quantity cannot be united to produce any sen- 
aible heat, although we are sufficiently in^ressed 
with the sensation of light. 

It is however, by much the more getieiiU 
opinion, that light and heat are distinct bodies, 
proceeding in combination from the sun, and 
governed by the same optical laws. 

The graeral importance of heat and light in 
^beecooom^r ot' xtatuie, I3 suffickotly ebvicws. 




40 eALOBI.Ci OR. THE MATTER Ol( H£AT« 

I£a healthy plaint hie partially extjluded from 
light,, it sooji loses its verdant appeataiicQiand ^ 
becoipes pale and sickly,: if it be tota.lly secluded/ 
death will ensue, although it be supplied with 
heat, air, water, and eveiy other element of ve- 
getation : yet, even in this situation, if the; light 
of lamps be supplied, vegetation will be con- 
tinued with considerable vigour* The effects 
of heo^t pn visgetation require no comment . i / 

i The folio wiiig experiment seems to prove that 
heat radiates, and is governed by the same op- 
tical principles as light: Place two concave 
mirrors^ : about tweJyejincheSiiji diameter, oppot 
site to.<$ajQli other^ Al^ at. the dijstunce of.teaor 
twelve /ciet asunder j ilet a piece of wariln iron 
be placed in tiie foc^l point^of oiie reflector, land 
a tbermom^tftr* i^^ the! focal point of the otheri ; 
thie r^^diatietn i Qfc .bo»t, land . the .• con vergerieyf iof 
its particles, even at that: distance, will soon! be 
indicated by an increase of temperature in the 
jfchermometer^ M the;i»on.be made led hoti it 
wiUiminediiMfely ^etfire* to a piecCiOf pho3ph«n«> 
placed in th^ focal pOAiit of the .opposite reflector. 



!^: :i;'i{i •/.;' 
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This reflection and concentration of heat cam 
<*Jy:<.b0 jexplained by a. r,eference to thpse law* 
whidbi; arel knowio^ ; to produce similar effects on 
the rays of light 
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■ When we observe the very similar effects 
which are produced by solar, culinary, and 
electrical fire, we are disposed to believe that it 
is the same principle under different combina- 
tions. 



I 



The elementary principle of fire in a latent 
state, it is probable, does not exist independ- 
ently, any more than the elementary bodies, 
oxygen or hydrogen : The different combina- 
tions of these bodies present different appear- 
ances and various results ; so may we suppose 
that the different characters under which heat 
exists, depend more upon the particular bases 
with which it combines, than any real differ- 
ence in the matter. Thus, caloric united with 
light, forms solar heat; with terrestrial bodies, 
culinary fire, and with an intermediate base 
formed between light and the grosser particles 
of matter, electric fluid. 

The continued influence of solar heat ripens 
vegetable productions ; yet fruits are produced 
at all seasons by means of culinary heat, or that 
heat which results from the decomposition of 
common inflammable bodies ; and it is found 
that plants which are gently electrified daily, 
vegetate with encreased strength and rapidity. 
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Metals are melted, or the attraction of cohe-* 
sion by which they exist in 3i solid form, is 
equally overcome by solar, culinary, or electri- 
cal heat. Whenever a body changes its capa- 
city for caloric, its electrical quantities change, 
and likewise its conducting power of electricity. 
All bodies contain electricity, but in different 
quantities ; and all bodies contain caloric, but 
have different capacities for it. 

Mr. Davy has discovered that chemical affi- 
nity, or the principle by which the particles of 
different bodies combine, is produced by the 
different electrical states of those bodies. We 
find all chemical changes accompanied by an 
alteration of temperature and a change of elec* 
trical capacity in the compound mass ; may not, 
therefore, the chemical combination be produced 
by the union of the electric bases, rendering 
caloric rather the agent than principle of che- 
mical affinity ? 

Such is the chemical or electrical disposition 
of sulphuric acid for water, that if equal quanti- 
ties of strong sulphuric acid and water be mixed 
together at a temperature of 60 degrees, *hc 
compound will be instantly raised to 220, or 
8 degrees above the boiling point of waten 
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Fit)tii the quantity of heat evolved, the parti- 
.cled atfe brought itito more itnlnediate connec- 
tion, and the Volume of this tnass is diminished ; 
that is, if equal quantities of the two fluids were 
mi^ed together, the bulk of the compound 
would not be equal to the bulk of the masses 
separately taken. This effect shews a tendency 
to iiolidity^ iti ptoportidn to the quantity of heat 
evolved from the two fluids. 

Alcohol^ or spirit of wine, as it is generally 
called, has great affinity for water. 

If strdlig Ruin be poured into kn equal quan- 
tity of watei", at a teitipetature of 60 degrees, it 
will iflstatttly |)roduce fen iticrease of 8 or 10 de- 
grees of hiiat; 

To rtftny who ate ih th6 habit of diminishing 
the sttetigth of ardent spirit for sale, this de- 
crease of billk on the addition of water may 
seem a little paradoxical. 

Suppose a pennon takes 90 gallons of rum, 
dtte ill three over-prdOf ; that is, three gallons of 
the spirit tike one of watet to teduce it to 
proof, or that standard by which the impost is 
paid : to the 90 gallons he puts in one third, 
ot So gallons of water; it might be presumed 

D 2 
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that the measure of the whole would be 120 
gallons ; but the dealer is well aware that he 
shall oiUy obtain about 117 gallons, 3 gallons 
having disappeared by the union. The chemi- 
cal affinity by which these two bodies are com- 
bined, sets free a considerable quantity of calo- 
ric, and the attraction of cohesion brings the 
particles of the fluids nearer, together, conse- 
quently the bulk is reduced. 

A diminution of temperature is likewise pro- 
duced by chemical combination. 

If sulphate of soda be added to muriatic acid 
at a temperature of 60 degrees, it will be imme- 
diately reduced to 28 degrees, or 4 degrees be- 
low the freezing point of water. This arises out 
of the liquifaction of the salt, which takes up 
the caloric that previously existed in the acid, 
and the temperature of the whole becomes di- 
minished according to the quantity of caloric 
absorbed. 

It is on this principle that all refrigerating 
mixtures are formed, some of which are potent 
enough to freeze quicksilver and render it solid. 

If a portion of mercury be enclosed in a thin 
glass tube and placed in a mixture of light 
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fresh fallen snow and muriate of lime, with pro- 
per attention in the process to prevent the ac- 
cession of heat from surrounding bodies, the 
mercury will soon be converted into a fixed and 
solid mass, capable of being beaten out by a 
hammer. Allen and Pepys froze 561bs. in this 
manner. 

The diminution of temperature required to 
freeze quicksilver, or mercury, is 72 degrees be- 
low the freezing point of water, or 40 degrees 
below zero, the lowest point of Fahrenheit's 
scale. At some seasons the cold in Kamtschatka 
is said to be sufficient to freeze quicksilver, by 
merely exposing it to the atmosphere. 

In the preceding experiments, the extraordi- 
nary degree of cold is produced by the liquifac- 
tion of the two solids, the salt and the snow. 
To obtain this liquified state there must be a 
supply of caloric, and the mercury which is in 
contact with the mixture is deprived of it to 
such an extent as to suffer the attraction of 
cohesion to fix to the mass. 

« 

It is a general axiom, that without motion 
there is no sensation. This will particularly 
apply in accounting for our sensations of heat 
and cold. For instance^ if the hand be brought 
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into contact with water of greater temperature 
than the body, the particles of caloric in the 
water, obeying the general disposition of nature 
to obtain an equilibrium, enter the hand, and 
the sensation of heat is, under common circum- 
stances, according to the quantity of caloric 
united with the body. 

If the water possesses less temperature than 
the body, the caloric proceeds from the hand to 
the water, and we have the sensation of cold^ 
ness according to the quantity transmitted. 

In all cases as soon as the motion of the par- 
ticles of caloric eea§es, or when the equilibrium 
obtains, the sensation ceases ; we feel an exist- 
ing body, byut have no perception of heat or 
cold. 

These sensations are frequently relative : we 
often hear it stated, by the uninformed, that 
the water of a well, or spring water, is warmer 
in winter than in summer. In summer our 
bodies have a higher temperature than in winter, 
therefore the difference is greater between the 
body and the fluid, and the degree of sensation 
is proportional. The same property is frequently 
attributed to Cellars, or pl^xres under ground, 
where the beat reniain)» nearly the same at all 
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times of the year, from the want 6f free com 
munication with the diiferent temperatures of 
the exterior air. 

On entering such a csellar, in summer, we 
pass from a warmer atmosphere to a colder one, 
tlierefore we experience a sensation of coldness ; 
but in winter we pass from a colder atmosphere 
to a warmer one, consequently we experience 
the sensation of heat 

Bodies vary in their conducting capacities; 
some conduct heat with much more facility 
than others. If a short rod of iron and glass be 
placed with their ends in a fire, the opposite 
end of the iron will soon become hot, whilst the 
opposite end of the glass rod will scarcely be- 
warmed. Or, if we take hold of a piece of wood, 
and a piece of iron of the same temperature, the 
wood will seem warmer than the metaU because 
the wood is not so good a conductor, or does 
not convey the same quantity of caloric in the 
same time. 

The different degrees of warmth which we 
experience, from different kinds of cloathing, 
arise from this circumstance: We feel more 
warm|;h from Woollen or . Fur, than from 
Linen or Silk, aHlK>ugh the actual temperature 
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of each be the same. Our sensation of warmth 
does not arise from any heat contained in the 
cloathing, but from the different conducting 
capacities in carrying it off from the body. 
When the atmosphere has less temperature than 
the animal body, the heat passes off, which is 
more or less obstructed by the different kinds 
of cloathing that surround the body. Woollen 
and Fur conduct heat with much less facility 
than Silk or Linen; therefore we experience 
more warmth from the former than from the 
latter, inasmuch as less heat is carried off in 
the same time. 

Water is a better conductor of heat than air. 
In a thaw it frequently feels colder than dur- 
ing a frost, although the thermometer shews an 
increase of temperature. The vapourous state 
of the atmosphere which generally accompanies 
a thaw, carries off the heat from the body with 
much more facility than the dry air of frosty 
weather. 

Bodies have different capacities for heat; or 
equal quantities of heat added to different 
bodies, at the same temperature, produce in 
them different temperatures. But if a certain 
quantity of heat be added to the same body, 
whatever its teiiiperature may be, the augmen- 
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tatton will be always equal. Or if different 
teinpeiatiires be united, amean temperature will 
be produced. If water at 60 degrees be mixed 
with water at 80 degrees, the heat will be 70 
degrees ; but if water at 60 degrees be added 
to ice at 32 degrees, the water will be reduced 
to 32 degrees, from the capacity of the liquified 
ice for caloric. 

Quicksilver having less capacity for heat 
than water, if equal quantities of heat be added 
to the two bodies, the temperature of the quick- 
silver will be more increased than that of the 
water. From the different capacities of metals, 
under the same temperature, Zinc expands three 
times as much, and Brass twice as much as iron. 

Although it is stated as a general position, 
that bodies increase in bulk under an augmen- 
tation of heat, yet there is a remarkable excep- 
. tion in water, at a particular temperature. 

During the time that heat is employed in 
raising water from 32 degrees to 40 degrees, the 
bulk contracts, or continues diminishing: From 
40 degrees to 212 degrees, the boiling point, 
it increases regularly. In cooling also, its bulk 
diminishes until the temperature falls to 40 
degrees, after which it continues to expand 
until it is converted into ice. 
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Oxygen. 



THIS body is placed next to caloric, not 
only from its undisputed pretension to rank as 
an elementary substance, but likewise on ac* 
count of its great importance in the animal, 
vegetable, and mineral kingdoms, in which it 
exists in different states of combination, and 
forms a considerable poction of these bodies. 

The mwt simple state of combination in which 
we can examine this elementary substance, is 
in the character of gas, where it is merely united 
with heat, and forms Oxygeik Gas. This con- 
stitutes an important part of oiur atmosphere^ 
and is the only source of combustion aod sup- 
port of animal life. 

According to Lavoisier, in 100 parts of pure 
atmospheiical air, there {ire S8 parts of oxy«en 
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gas, 70 of an elementary gas, called Nitrogen, 
and S parts of a compound air, called carbonic 
acid gas. Mr. Davy does not admit the portion 
€^ oxygen to be quite so great. 

These bodies are not to be considered as con- 
stituting the whole of the air which we breathe : 
the atmosphere is a very heterogeneous mixture, 
and is the receptacle of many bodies that lose 
the cohesion of their parts by exhalation, fer^ 
noentatton, putrefaction, and many other pro- 
cesses of nature : a considerable portion of 
water,- in a vapourous state, is likewise difiused 
in the atmosphere. 

Oxygen gas is the only part of atmospheric^ 
air which is decomposed by combustion and 
respiration. 

# 

If a candle he put under a gla3S vessel and 
placed on a flat suriace^ air-tight, the flame wiU 
soon diminish until it is totally extinguished, 
and the glass will be found pressed down by 
the superincumbent atmosphere, in proportion 
to the quantity of air decomposed in the vessel 
by combustion. 

This principle is better explained by the fol- 
lowing expef iqnent ? Place a taU jar ovev a hts^ 
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plate, having a tube and stop-cock connected 
with its underside. In the middle of this plate 
fix an upright stem, about a foot long, to sup- 
port three pieces of lighted taper, one at the 
top, another in t;he middle, and the third at the 
bottom of the stem, near the plate. Soon after 
these tapers are excluded from . a supply of at- 
mospherical air, the uppermost will be ex- 
tinguished, then the second ; but the third, or 
lowermost, will bum for some time afterwards. 
If a jet be fixed in the center of the brass plate, 
on placing the lower extremity of the tube in 
water and turning the stop-cock, the pressure 
of the atmosphere will drive the water through 
the jet with considerable velocity, until the re- 
sistance of the interior air becomes equal to the 
pressure of the exterior. The water which has 
entered the jar, shews that a quantity of air has- 
been decomposed by combustion, and the dura- 
tion of the flame of the lowermost taper, de- 
monstrates* that the oxygen gas, from its su- 
perior gravity, remains longest at the bottom of 
the jar. 

In cases of fire, this experiment points out 
the advantage of entering a room in a crawling 
position, so that the mouth and nostrils may 
be as near the floor as possible, where the greatest 
slnd longest supply of ^oxygen gas will be ob- 
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tained. Most fires taking place in a room may 
be readily extinguished by merely shutting the 
doors and windows, and preventing any access 
of air from the chimney; this deprives the 
flame of a supply of oxygen, after it has con- 
sumed that which was in the room, and com- 
bustion ceases. 

A candle requires about as much oxygen as 
is contained in a gallon of atmospherical air, to 
support its cotnbustion a minute : It is reckoned 
that a middle-sized person would require about 
the same quantity for the same time. 



Combustion, or inflammation, arises from a di- 
minution in the capacity of the body for caloric. 
During the decomposition of oxygen gas by 
combustion, the oxygen loses its combination 
with caloric, and the heat produced by the in- 
flammation is the caloric in a free state, which 
.was previously united with the oxygen, and 
formed oxygen gas. 

The great importance of this gas in support- 
ing combustion, is interestingly shewn by the 
following experiment : Take three small jars, 
fill one with oxygen gas, the other with nitro- 
gen gas, (that breathed from the lungs will be 
sufficient,) and let the third remain filled with 
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atmospherical air ; if a burning taper be put iii 
the last, the oxygen contained in the atmos- 
phere, will be sufficient to support a moderate 
combustion ; if the taper be removed into that 
which contains the nitrogen gas, it will be ex- 
tinguished instantly ; but on introducing it 
into the jar that contains the oxygen gas, whilst 
the smallest spark remains, the flame will be 
immediately rekindled and burn with the 
greatest brilliancy. 

Those who wish to make a few expeti- 
ments with oxygen gas, for Amusement, indy 
obtain a sufficient quantity by the following 
method : Put about two ounces of manganese 
into a Florence flask, or bottle, with as much 
sulphuric acid as will form it intd a paste ; theti 
place it. over a spirit lamp, having fixed a piece 
of tube, either of metal or glass, bent in the form 
of an S; with one end communicating with the 
interior of the bottle through the cork : As soon 
as the gas begins to be evolved, place the open 
end of the tube under a jar filled with, and in- 
verted in ^ vessel of water ; the oxygen gail will 
soon displace the water and be collected for 
use in the jar. 

It is a more commodiotis wAy to fill an itotL 
retort with ihangalieMi alone, and placd it in the 
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fire. To the neck of the retort a metallic tube 
is fixed, which passes into a proper vessel filled 
with water, called a Gazometer, or Air-holder ; 
from this it is easily obtained as occSsion re- 
quires. 

The importance of oxygen gas in supporting 
animal life, becomes a peculiarly interesting 
part of this subject. 

If an animal be placed in a limited quantity 
of atmospherical air^ a portion of the air will be 
consumed, and the animal will then die unless 
it receive an additional supply. 

The process of respiration is divided into two 
parts, called inspiration and expiration : Inspira- 
tion brings the atmospherical air into the lungs, 
and expiration forces it out again. 

During the time that the air is contained in 
the air vessels of the lungs, the blood is pro- 
jected by the action of the heart through blood- 
vessels which are placed contiguous to the air- 
vessels. The blood, on entering the lungs, has 
a dark or blackish appearance, but when it is 
returned back to the heart, having passed 
through the bloodvesseb which are spread on 
the air ceUs, it is found to have obtained a 
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florid red colour. From the heart, this fldrtd 
blood is sent out again by the arteries to the 
extremities of the animal body, and is returned 
back to the heart through the veins, deprived 
of its bright red, and changed to the blackish co- 
lour before described ; it is then again sent 
through the lungs ; and thus it continues to cir- 
culate as long as life exists. 

Dr. Priestly suspected that this florid appear- 
ance which the blood obtained in its circula- 
tion, arose from the absorption of oxygen in the 
lungs^ or what he called dephlogisticated ain 
He filled a bladder with venous or dark coloured 
blood, and placed it in a quantity of oxygen 
gas, having previously determined the weight 
of the gas, and the weight of the blood in the 
bladder. It was soon evident that that portion 
of the blood which was in contact with the 
bladder, obtained, exclusively, a florid appear- 
ance; and on examining the oxygen gas, 
Dr. Priestly found it had sensibly diminished 
in bulk and weight, and that the blood in the 
bladder had increased its weight as much as the 
air had lost it. 

This absorption of oxygen seems to prove 
that a similar absorption takes place in the lungs, 
and that the oxygen contained in atmospherical 
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aii^ pass into the blood through the membrane 
that forms the vessels which contain the air and 
the coats of the blood-vessels, and produces the 
florid appearance that the arterial blood pos- 
sesses. 

By what means this decomposition is effected, 
how this florid appearance is produced, and of 
what importance is the oxygen in supporting 
vitality, are questions that are not readily an- 
swered. It is generally supposed that this affi' 
nity is produced from the ferruginous particles 
which are contained in the bloody and that the 
union of these particles with oxygen gives the 
blood its florid appearance. That the oxygen is 
distributed through the system during the cir- 
culation, may be inferred from the difference of 
colour between the arterial and venous blood. 

Messrs. Allen and Pepys have recently made 
accurate experiments on the air breathed from 
the lungs, and conclude that the nitrogen gas 
is returned unchanged either in quantity or 
quality. The small quantity of carbonic acid 
gas contained in the atmosphere which enters 
the lungs, is increased 10 per cent in the air 
that is returned from, them, and a small portion 
of oxygen is found in an unchanged state. 

E 
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The animal body possesses^ daring life, a 
greater degree of heat than the atmosphere or 
medium in which it exists ; but after death it 
is soon reduced to a common temperature. 

This superior heat is undoubtedly a conse- 
quence of animal life, and is generally supposed 
to be produced by the caloric which becomes 
free from the decomposition of oxygen gas in the 
lungs; the oxygen being deprived of its previous 
combination by the chemical influence of the 
blood, or some body contained in it The calo- 
ric which is thus disengaged diffuses itself 
through the animal system; aids the various 
, secretions^ and evaporates thos^ excreted fluids 
which are thrown from the surface of the body 
through innumerable pores. These important 
operations carry off the liberated caloric, and 
prevent that accumulation of heat which other- 
wise would not fail to deMroy animfal life. When 
spasmodic contractions of ^e pores dtop the 
excretions, we find thzst inflammation or fet^r 
immediatdy takes place. 

When the vital operation fof o^gen gas in 
the lungs was completdly substantiated, some 
began to imagine thttt we had discovered the 
long-looked-for elixer vit» of the Aldbemists ; 
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that nature might be perpetually renovated and 
life prolonged, by inspiring this gas in its pure 
state, when the system was falling into decay. 
This golden dream was but of short duration, 
for the experimenter soen found to his cost, 
that so far from improving his health, the gas 
added to his disease, by causing too great irri- 
tability in the systeqj^ which excited fever, and 
produced convulsions that would speedily have 
terminated his existence. 

^Our ^rdM<m lt4h m tthaft fnam is expressly 
fwmeA ^fbr the atmosphere >whidh he bteathes^ 
and to force upon him another, is ^to mgv^ a 
want of fitness in the first. Indeed so guarded 
are tht^fvmetiom of the limgi^ again9t admitting 
too mutihoKygetiy ^ewn ftmn the aUnosphere, 
that the increased quantity of oftrbotiic acid gas 
which is expelled from the lungs is supposed 
to hd formed cNfredundatnt oxygen united with 
Ctt«bofiace6us mtttter ^provided b^^ natiiive 4n the 
system to^preteiit the^btoodfrom being overw 
cWg«d. 
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Oxides. 



THESE bodies may be either fluid or solid, 
and are formed by the union of oxygen with 
some other substance. 

Water may be ranked under this description : 
It is formed of oxygen and an elementary body, 
called Hydrogen. 

Water is decomposed by passing through a 
heated gun-barrel : By this process the oxygen 
of the water is so strongly attracted by the red- 
hot iron, that it will leave its combination with 
the hydrogen and unite with the gun barrel, form- 
ing an oxide of iron ; the hydrogen being set free, 
escapes plentifully in the character of gas. 

If oxygen gas be mixed with hydrogen gas 
and inclosed in a strong vessel^ on igniting 
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them with a taper, or the electric spark, an ex- 
^^ j^losicm itakes place, iand pure water is produced 
Thus water is analytically and synthbtically 
proved to be formed by the chemical union of 
khese^^vo bodies. • 

( From the liecent improvements^ in chemistry, 
reqilenti changes are taking place in chemical 
pinions ; but if there be a body in nliture, the 
lomposition of which has been well ascertained, 
t surely must be that of water. Composition 
md decomposition agree in shewing its elemen- 
tary principles so satisfactorily, that there does 
hot seem to be two opinions upon this subject. 

• . ■ " 

Oxygen forms a portion of Alcohol, iEther, 
and some other fluids that have no acidity. 

When oxygen is united with metals, the body 
is called an oxide. Metallic ores are generally 
found .in this state of combination ; the operia- 
tion of ifluxing drives off the oxygen, and the 
metal is obtained in its pure state. « 

•Manganese is found in the state of a. metaUic 
oxide, which has great affinity for oxygen, al- 
though a portion of it is so loosely held that it 
readily Unites with caloric and forms oxygen 
gas. It is from the oxide of manganese that 
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oxygen gjftSiis usually obtained for ehenrical 
peFimeQt$, by aubjeoting it in an iron retort tx^ 
the intlueiice of. heat; 

The great affinity that existabetwdeir o:^^^^ 
and iron, is the cause of the red rust which that 
metal soiieadily obtains :: for rutrt; is. an^ oxide 
of iron produced by the decotnpoeitioiii of war 
ter om]M>ur. 

If a pieoe of red hot iron be- immersed' itt 
.t^ater the surface obtains a scaly appearance, 
which i^ an; oxide of iron. In thi» experiment 
the water isidecomposed^ tiie oxygen iuni tear widi 
the iron, and the hydrogen is set free, which ia 
easily knol^n: by its smdl; 

Oxygen has different degrees of affinity for 
different metals. There are some with which 
it very reluctantly combines ; Gold, Silver, and 
Platina are of this description, consequently 
these metals ara convenient £ar chemical vessels 
that are to be exposed to heat and'acids. Copper 
does not readily combine with oxygen. The 
more oxydable metals are Zinc, Tin^ and Lead. 

From the great capacity of Zino for oxygen, 
it is used with copper in forming the Voltaic or 
Galvanic trough, as it is generally called. 
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Metals lose tlieiv capacity for electricity by 
oxydation. If a piece of zinc and copper be 
brought into contact and have their surfaces 
wetted with a weak acid, the oxygen of the 
acid will readily unite with the zinc, without 
materially aftiscting the copper. During this 
combination the latent electricity of the ziuc 
becomes active or positive, and is induced to- 
wards the unoxydised body, the copper, which 
is relatively negative. 

The intensity or force of the electricity is ac- 
cording to the quantity of metallic surface acted 
upon; therefore, to produce powerful electrical 
eftects, a number of compounded plates are em- 
ployed, which form the Voltaic Batteiy, an 
apparatus which has effected more for the 
sciences of electricity and chemistry than any 
oUier inveatioa that has ever been introduced. 

The oxydation of metals by inflammation in 
oxygen gas, produces a number of beautiful 
experiments. One of the most striking in che- 
mistry, is the deflagration of iron wire. 

Twist a piece of ordinary iron wire into a 
spiral form, then wrap a piece of greasy tow 
about one end of it, and set it on fire ; when it 
is nearly burnt out, hitroduce jhe wire into a jar 
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of oxygen gas, and the heated end will instantly 
begin to burn with the greatest splendour, throw- 
ing out beautiful scintillations of red hot iron, 
until the whole of the oxygen gas is decomposed. 
Particles of the iron oxygenized, a;nd sometiiftes 
vitrified from the extense heat, will be found at 
the bottom of the vessel of a spherical form. If 
the wire be carefully weighed before the experi- 
ment, and the oxide afterwards, the difference 
or increasie of weight, will be exactly equal to 
the weight of the oxygen gas consumed in the 
experiment. The iron loses its metallic lustre 
and ferrugenous qualities by oxydation, and is 
no longer sensible to the magnet ; but by ex- 
posing the oxide to fire, the oxygen will again 
unite with thecaloric, and the iron will be re- 
stored to its true metalHc state. 

This experiment, in common with all others, 
shews that matter can neither be created nor 
annihilated. = Every change which appears to 
destroy the parts of a body, only dissolves the 
combination of its parts, and induces them to 
take up fresh forms, either in the solid, fluid, or 
gasseous state ; for if the results of any chemi- 
cal experiment be carefully collected, we still 
find the same weight or the same quantity of 
gravitating mattpr. Our reason tells us it can- 
not be otherwise. * If matter could be annihilated, 
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the laws of nature would be inconstant, and the 
harmony of the universe would be destroyed; for 
the force of gravity would perpetually change, 
and the planetary bodies would no longer obey 
their central influence. 

fA. : f 

• • ' r 

H^re the rational mind finds abundant sub- 
ject for reflection. Can matter create itself, or 
prescribe laws for its own government?' A ma- 
chine has its maker*; sbhas our system its crea- 
tor ; and every part equally manifests infinite 
powet, intelligence, and design. • 



■ i 



The conipoutid materials of which our bodies 
are formed, stridtly obey their respective aflSni- 
ties whilst life exists; but death no sooner se- 
parktes the spiritual from the corporeal part, 
than the latter commiences its changes, and by 
established principles of nature, soon resolves 
itself into its elenieritary particles and mixes 
with its kindred darth. 

The elements of matter iii vegetable bodies 
ate equally susceptible of change, and produce 
that variety of combination so necessary and 
essential to the comforts and convenience of 
man, yet without altering those fundamental 
principles that govern nature in the aggregate. 

It has ialready bei^n stated that oitygen gas is 
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decomposed, that the oxygen takes a new 
combination in the process of respiration, and 
that this gas is equally essential to combustion. 
It is calculated that even a common candle de- 
composes as much oxygen, whilst burning, as a 
man does by respiration in the same time. Now 
considering the prodigious demand that is per- 
petually made upon the atmosphere, one would 
suppose that in process of time, this fluid medium 
would become exhaustied ; but, on the contrary, 
the oxygen .of the atmosphere is found to be every 
where the same in quantity : Even in the 
closest parts of London and Paris, the circulat- 
ing; air sustains no sensible diminution ; the un- 
bealthiness of such situations is attributable to 
tbe exhalation, and mixture of putrid effluvia^ 
aaid not to any change that takes place in the 
constituent pants of the atnoospbere itself. 

We are thett naturally led to ask from what 
sources the oxygen gas is supplied^ which is so 
abundantly consumed ? The means are. fully 
adey^uat^ to the effect; the whole vegetable 
oreatian is perpetually compensating for the 
wasted store* What inimitable contrivance ! — 
£ven this issolated example of Divine Wisdom, 
when viewed with the eye of reason, must be 
sufficient to convince the greatest sceptic, that 
there is an Almighty Being whose wisdom and 
gooduGm^w^oidy equalled by his power. 



Acids. 



QKY6£N i^ the principle of lueidity^ and 
unitedfwkh oertainsubstEn^s^ called acidifiaUi^ 
basea, produces acids, which havct g^crally, but 
not withoui;:ex0q>taon^ a sour taste. Acids turn 
vegetable blues to a red colour, and readily 
unite with alkalis,, formiogwlta. 

Thisi acidifying ptanciple may exist in thr^ 
states of combinatuML with it^ bases^ Firstly, 
wlien the saturation ojB tibe body ¥rith/ oxygen 
is not complete; secondly, when it is completed ; 
and thirdly, when the body contains more oxy- 
gen than is ' necei^ary for its saturation. Ac- 
cording to the pioesent chemical nomenclature, 
im tbe first ca^e the name of the base terminates 
in mi^.as sulphureoud acidL The second in «c, 
as nitric acid, .and the third isoaU^doxygenizedi 
ai^ oxygenized muriatic acid. 

Acids ate 't)lenti&Uy produced by. the chemi- 
edipnwesaeBP' of mtnre, and in some of them the 
oxygenous principle has such affinity iof^its 
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base, that they have never been Separated. Of 
this description are the Muriatic, Boracic, and 
Fluoric acids. 

Although various other bodies which have 
long been considered as purely elementary have 
been detected to be compounds by the operation 
of the Voltaic Battery, in the able hands of 
Professor Davy ; yet the decomposition of the 
above mentioned acids has never beeu'satis^ 
factorily effected : But from the rapid progress 
that is almost daily made in chemical science, 
it seems very probable that ere long their com- 
ponent parts will be perfectly atialysed and un- 
derstood ; in the mean time we may be permitted 
to judge from analogy, and conclude, that oxy- 
gen is the acidifying principle, which, as in all 
other instances, is united with these different 

bases. 

I . • ... 

Acids differ from Oxides in their quantity of 
oxygen. Ah inferior quantity produces an 
oxide; a superior quantity approaching satura- 
tion, an acid. 'Metallic bodies have different 
capacities for oxygen ; some will only receive 
a slight degree of oxidizement ; others are 
readily converted into oxides, which have no 
acidity ; and some metals are capable of uniting 
with bkygeh to such extent as to be convertible 
into acids. ' • • • . - . / 



Hydrogen. 



THIS body ranks with oxygen as an undis*- 
puted element of nature, and of such importance, 
that it seems highly probable, from recent dis- 
coveries, that ere long all matter will be resol- 
vable into these two principles. 

The Ancients believed Fire, Air, Earth, and 
Water to be the four elements of which all other 
bodies were constituted. For some years past 
we have been well assured that three out of the 
four are compounds ; and that the fourth. Fire, is 
now generally supposed to be divisible into 
light and heat, two distinct bodies. 

There seems to beconsiderable doubt at the pre- 
scint moment, respecting the number of elemen- 
tary bbdids; Modem chemists have considered 
GftloriQ^Oxygeni Hydrogen, Nitrogen, Carbon, 
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Sulphur, Phosphorus, five alkalis, seven earths, 
and twenty-seven metals, to be elements ; but 
Mr. Davy shews that the alkalis are compound 
bodies, formed of oxygen and a metallic base ; 
that the earths supposed to have been simple, 
are similarly compounded, and that Sulphur, Car- 
bon, and Phosphorus, cannot be ranked as pure 
elements. Oxygen and an inflammable base 
appear to be universal principles, intimately 
united by opposite states of electricity ; and as 
chemical composition arises solely out of elec- 
trical energies, it would not seem y^ abBttrd 
to suppose that there are 'but two elementujft 
prinoiples in nature, one exiBtiug in « positive^ 
the other in a negative skate of eleoti icity. 

Hydrogen in itself is incapable of inflammabi- 
lity ; this property is 'derived ^rom its union 
with oxyjgen, which is the only source df com^ 
bustion. If « lighted taper be |r}unged into a 
jarof hydrogen gas, it is instantly eoetiuguisbed ; 
but the hydrogen will {bom slowly «t the sur« 
face, wl^re it obtains a povkion of tosrygen fYom 
the atmosphere. 



Hydrogen, or the elementury ^mciple 
forms hydrogen gas when united with a suffi« 
cient^uantity cf cdoi]c,is most abundantly dis** 
tnibnt£d tfarmigliout die «niiaal| mgeUblc, and 
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mineral kingdoms, and forms tlie inflammable 
part of tiioac bodies into which it enters. This 
gas, combined with others, is frequently spon- 
taneously produced in and near coal mines. 
Exploding in the mine it has often been pro- 
ductive of fatal consequences; but it may be 
collected from fissures in the neighbourhood 
with perfect safety, and used for many amusing 
experiments. 

An impure hydrogen gas is likewise to be ob- 
tained by thrusting a stick into a ditch of stag- 
nant water : When the stick is withdrawn, bub- 
bles of air will ascend which may be collected 
in an inverted jar of water. Hydrogen gas is 
plentifully evolved from animal and vegetable 
substances during the putrid fermentation or 
decomposition of the body. 

When hydrogen gas is perfectly pure, it is 
without taste or smell ; but it is generally ob- 
tained with certain impurities that proceed from 
the bodies from which it is liberated, and these 
communicate a very disagreeable effluvia. Even 
in its purest state it is incapable of supporting 
animal or vegetable life. 

The Ttanal mode of obtaining this gas for com- 
mon experiments, is by pouring dHute sulphuric 




72 HYDEOGEN^ 

acid upon iron shavings, or filings, in a glass bot- 
tle, which produces a brisk effervescence, when 
the gas is plentifully given out. A large phial, 
or a common glass bottle, with a piece of bent 
tube fixed in the mouth, by a cork, is quite 
sufficient for general purposes ; and iron nails 
may be used instead of iron filings or shavings : 
the purest hydrogen is obtained from zinc. 

In this process water is decomposed. Water 
being formed of oxygen and hydrogen, the 
oxygen is taken up by the metal and forms 
an oxyde of iron, and the hydrogen is set free 
in the gasseous state, which being permanent 
over water, is easily collected and retained in 
glass vessels previously filled with this fluid. 

Hydrogen gas was discovered by Mr. Caven^ 
dish. When pure it is about twelve times 
lighter than atmospherical air, and a hundred 
cubical inches of this gas do not weigh more 
than three grains : An equal quantity of atmos-* 
pherical air weighs about thirty-four grains. 

♦ ■ 
From the p^c^liar lightness of this gas it is 

used for inflating balloons. 

When the weight of.^ balloon with all its 
appendages, is less than * the weight of ' thc^ 
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atmospherical air displaced by it, it will ascend 
but as the atmosphere diminishes in density i: 
proportion to the distance from the surface 
the earth, the balloon would only rise to a 
limited height, if means were not adopted to 
diminish its weight at different altitudes. This 
is effected by ascending with bags of sand in 
the car which is attached to the balloon ; these 
being occasionally discharged, it rises higher 
and higher according to the will of the jEronaut. 
When he wishes to descend, the hydrogen gas 
is suffered to escape through a valve in the top 
of the machine, which diminishes its bulk, and 
renders it heavier than the air that is displaced 
by it, consequently it descends with a velocity 
according to the difference of gravity between 
the balloon and the displaced air. 

This principle of balloons is amusingly illus- 
trated, by forming hydrogen air bubbles with a 
solution of soap, which ascend with consider- 
able rapidity : These may be easily produced 
by fixing a short pipe to a bladder of hydrogen 
gas, tying the bladder at the end of the pipe 
when the gas is not wanted for the experiment. 

Artificial fireworks are pleasingly made by 
the inflammation of hydrogen gas ; but this ex- 
periment requires a proper apparatus, which may 
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be procured of diose that sell dieiiiical mstm- 
nients. The ignited air may be Taried in c«rfoiir 
bj introducing diffeicnt gasses tlnough se- 
parate branches into the principal tube. 

Hydrogen unites with oxygen, nitrogen, car* 
bon, salphur, and pho^horus : The results of 
these onnhinations produce a great variety of 
ioteresting experiments, which will be noticed 
in their respective places. 

If equal quantities of hydrogen gas and at- 
mospherical air be mixed together and ignited 
by a lighted taper, oif the electrical spark, de* 
tonation will take place; but if pure oxygen 
gas be mixed with the hydrogen in the propcnr- 
tion of three parts of the former to one of the 
latter, the detonation will be much louder and 
sharper, the whole of the gas will disappear, and 
water be produced. The weight of the water 
formed by this union is exactly equal to the 
weight of the two gasses employed. 

To perform the last experiment accurately, an 
expensive apparatus is required ; it will be suffi- 
cient, for the purpose of general explanation, to 
mix the oxygen and hydrogen in a bladder, and 
form soap bubbles with the compound; these will 
not only produce a sharp and loud detonation 
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when set on fire, but the different velocities 
of the bubbles according to the quantity of oxy- 
gen introduced into the bladder, will shew the 
different gravities of the gas. 

Atmospherical air compressed by a piston in 
a brass cylinder evolves a sufficient quantity of 
caloric to set fire to inflammable bodies : If 
oxygen and hydrogen gas be mixed and com- 
pressed in a similar situation, they will ignite 
and explode. 

Water is decomposed by passing a consider- 
able number of electrical discharges from a large 
battery through a glass tube filled with it ; this 
produces a gas composed of oxygen and hydro- 
gen. But this experiment is much more beau- 
tifully and conveniently effected by means of 
the voltaic apparatus : If two wine glasses filled 
with water, be severally connected by means of 
wire with the positive and negative ends of the 
voltaic trough, bubbles of air will be instantly 
given out from the extremities of each wire : 
that which proceeds from the positive wire will 
be found to be oxygen gas, and that from the 
negative, hydrogen. These gasses may be col- 
lected and again converted into water by the 
electric spark of the apparatus. 
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roportions, heat is evolved ; and if 

pure, they will totally disappear. 

gas be added to nitrous gas, no che- 

takes place, but the volume is in- 

^rding to their respective quantities : 

I if atmospherical air be employed, 

nposed of oxygen and nitrogen, the 

be increased by the quantity of ni- 

the whole bulk diminished by the 

Lof the oxygen. This mode of in- 
the atmosphere was first adopted by 
j^ and has been lately revived by 

J^iCalkd Nitrous Oside^ is a compound 
ti and nitrogen, but contains a less 
^oxygen than nitrous gas. If nitrous 
;posed to iron filings, the metal be- 
lated by a portion of the oxygen ob- 
I the nitrous gas, and the remaining 



mode of obtaining nitrous oxide is 

nposition of a salt, called nitrate of 

iformed by nitric acid and the com- 

%aU ammonia. When some of this 

osed* in a retort to the heat of a spirit 

comes fluid, and is soon afterwards 

fitagas, which may be collected for' 
verted vessel of water. 
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Water does not take up either oxygen, hydro- 
gen, or nitrogen gas separately; but if the two 
latter be combined, it readily unites. with them. 



Oxygen and hydrogen gas acted upon by 
the blow pipe, produce an intense heat. For this 
purpose the gasses are to be separately included 
in two bladders, with a stop-cock and fine pipe 
attached to each ; when the hydrogen gas is 
ignited at the end of the tube, the oxygen is to 
be directed towards it and forced into the flame, 
which will produce sufficient heat to flux metals 
in a few seconds. The gasses must not be mixed 
in the same bladder, otherwise they will in- 
stantly detonate when ignited. The word de- 
tonate is used because this effect cannot pro7 
perly be called an explosion, as that term im- 
plies an expansion or divergency; but in. this 
case the effect arises from the collapsing of the 
atmosphere by the sudden contraction or re- 
duction of these gasses into water. In the ex- 
plosion of gunpowder the effebt is produced by 
the expansion of the air or vapour which is 
^nerated. 
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' : NITROGEN 5gas forms nearly three fourths 
of oun atmosphere ;1 but i^ incapable of support- 
ing either combuBtioD or anihial life. It is not 
absorbable by n?rater^ and its weight in propor- 
tibn to atmospherical air, i&^ as 905 to lOOO. 
Nitrogen gas may be obtained by the decom- 
positipn' of; tbei atmosphere^ »or from animal sub- 
stances^ Y^bicb contain an abundant quantity 
ofnitrx^eii.. 
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If a paste be formed of sulphur and iron fil- 
ings» moistened with water, when this mass is 
iplaced in a vessel cohtaining atmospherical air; 
for a day oir two, itjhe oxygen becomes absorbed; 
and pure nitrogen gas remains. 

The air breathed from the lungs is nitrogen, 
but impure, fsom the liiixture of catbonic acid 



78 



NITROGEN. 



gas : this air may be employed to shew that tfie 
oxygen of the atmosphere is absorbed in the 
luDgs, and that the expired gas will not support 
combustion, or animal life. 



Mr. Cavendish discovered that Nitric Acid 
was formed by the union of nitrogen and oxy- 
gen : If a number of electric shocks be passed 
through a mixture of oxygen and nitrogen gas, 
nitrous acid is produced. Nitric acid is that 
state in which the nitrogen exists in complete 
oxygenation ; then the fluid is colourless, and 
is commonly called Aquafortis. When the basis 
of the acid has not its full portion of oxygen, it 
is called nitrous acid, and has an orange or red 
colour. The vapours which fly off from this sub- 
oxide have hkewise a reddish appearance, and 
attract rapidly the oxygen of the atmosphere, 
forming nitrous gas. When the vapours are 
fully oxydated and condensed, they form nitric 
acid. 



From the great affinity of nitrous gas for oxyj 
gen, it is employed to shew the quantity of 
oxygen contained in atmospherical air ; con- 
sequently, the fitness of this air for animal re* 
spiration. 



:1 



When nitrous gas is mixed with oxygen gai 
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in proper proportions, heat is evolved ; and if 
the gasses be pure, they will totally disappear. 
If nitrogen gas be added to nitrous gas, no clie- 
mical union takes place, but the volume is in- 
creased according to their respective quantities : 
therefore, if atmospherical air be employed, 
which is composed of oxygen and nitrogen, the 
volume will be increased by the quantity of ni- 
trogen, and the whole bulk diminished by the 
absorption of the oxygen. This mode of in- 
vestigating the atmosphere was first adopted by 
Dr. Priestly, and has been lately revived by 
Dalton. 

The gas, caWed Nitrous 0.ride, is a compound 
of oxygen and nitrogen, but contains a less 
quantity of oxygen than nitrous gas. Ifnitrous 
gas be exposed to iron filings, the metal be- 
comes oxydated by a portion of the oxygen ob- 
tained from the nitrous gas, and the remaining 
air is the nitrous oxide. 

The usual mode of obtaining nitrous oxide is 
by the decomposition of a salt, called nitrate of 
ammonia, formed by nitric acid and the com- 
pound alkali ammonia. When some of this 
salt is exposed in a retort to the heat of a spirit 
lamp, it becomes fluid, and is soon afterwards 
converted into gas, which may be collected for" 
use in au inverted vessel of water. 
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This gas has a very remarkable effect upon 
the nervous system, when it is received into the 
lungs. 

If a large bladder or an oiled silk bag, con- 
taining about five or six quarts, be filled with 
this gas, after respiring it for about a minut^ 
by means of a tube fixed in the neck of the bag, 
a great exhilaration of the spirits is produced ; 
highly pleasurable sensations, great disposition 
to muscular exertion, and most frequently an 
irresistible propensity to laughter. This effect 
continues for about two minutes, after. which 
the person perfectly recovers, without experienc- 
ing any subsequent depression of the nervous 
system, or muscular debility, which invariably^ 
follows the action of any other stimulus yet 
known. 

This gas possesses a sweet taste and an agree- 
able smell; it has nothing prejudicial in its 
effects, although different persons are very dif- 
ferently affected by it. Some breathe this gas 
freely, without experiencing any other effect 
than that of a temporary stupor ; and others^ 
become most violently excited by it. Much 
seems to depend on the natural character of the 
person who breathes it. If he be of lively ima- 
gination and active disposition, the effects will 
be correspoodent: but if more grave, the 
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operation will not b^ so violent ; and in some 
instances where the person has been of very 
phlegmatic character, it has not produced any 
effects whatever. 

• . ■ ■ ■ 
The nitrous oxide is composed of oxygen and 
nitrogen, the same elements as the atmosphere, 
and, according to Mr.^Dayj's analysis, 100 parts 
of this gas contain 37 oxygen and 63 nitrogen : 
the atmosphere, according to the same autho- 
rity, being composed of 22 oxygen and 78 ni- 
trogen. 

From the quantity of oxygen which the ni- 
trous oxide contains, it detonates loudly with 
hydrogen, and supports a r^id combustion of 
inflammable bodies. Yet if an animal be con- 
fined wholly in this gas, it will soon die: the 
hings however may be inflated for some time 
without the least danger; for during the short 
period of breathing the nitrous oxide, it bei- 
comes diluted by the atmospherical air which 
previously occupies the lungs. .. . ' > 
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Carbon. 



ALTHOUGH Charcoal and the Diamond 
are bodies very unlike each other in their exter- 
nal appearances, yet on analysb their results 
are the same. A diamond subjected to a cer- 
tain degree of heat becomes volatilized, and is 
converted into carbonic acid gas: Charcoal 
burnt in oxygen gas produces the same result. 
Guyton considers common charcoal to be an 
oxide of carbon. Plumbago or black lead is 
an oxide of carbon in an inferior degree of oxy- 
genation. Carbonic acid is the result of the 
complete oxygenation of charcoal. 

Charcoal is brittle, black, and sonorous ; it is 
obtained from the animal, vegetable, and mine- 
ral kingdom. Charcoal has the singular pro- 
perty of absorbing gasses without undergoing 
in itself any change. It has likewise an anti- 



septic effect; 80 that meat which is a little 
tainted may be restored to its former sweetness, 
by rubbing it daily with charcoal, or burying 
it in charcoal powdered. Water at sea is kept 
much sweeter by charring or burning the inner 
surface of the cask. 

When charcoal is burnt in atmospherical air, 
or oxygen gas, it produces a gas, one and a half 
times heavier than the air of the atmosphere, 
called CARBONIC acid gas; this is a com- 
pound of oxygen and carbon, rendered gasseous 
by caloric. It will not support combustion or 
animal life. For the analysis of this gas we are 
indebted to Dr. Black. 

By the vinous fermentation this gas is most 
abundantly produced, and it gives that brisk 
and pleasant taste which is so agreeable in malt 
liquors, cyder, perry, &c. During this fermen- 
tation in open vessels, the carbonic acid gas 
generated, frequently falls over the edge so 
plentifully as to extinguish a candle, or any 
other ignited body that is brought near the 
outside of the vessel. 

When the liquor is drawn off from a large 
vat, the gas pressed down by the atmosphere 
remains at the bottom of the vessel, and has 
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often been fatal to persons inadvertently enter- 
ing the vessel to clean it out before proper 
means have been taken to get rid of this noxi-.- 
ous deposit. iH 

This gas is frequently found in abundant 
quantity in caverns, wells, and cellars that have 
been shut up for some time. Persons should 
use great caution in descending into such places : 
If a lighted candle in a lanthorn be let down, 
and it continues to burn, any one may enter 
without danger ; but if the candle be extin- 
guished, about a peck of fresh lime must be pul- 
verised and sifted down the well or dispersed 
through the cavern or cellar, which will absorb 
the carbonic acid gas, and render the air fit foi 
respiration. 

In a cavern near Naples, there is a constanH 
exhalation of this gas, forming a stratum whicH 
rises to the height of about two feet; so thai 
persons may enter the cavern and walk aboui 
without experiencing any inconvenience; bu« 
if a dog or any other quadruped that has ,i 
nose within two feet of the ground, be tlirustf 
into this place it instantly becomes convulsed, 
falls down senseless and would soon be deprived 
of its life, if the unfeeling wretch who exhibits 
this curious phenomenon did not drag it ouftJ 
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into the open air, that it may be restored to un- 
dergo the same torture for the cruel entertain- 
ment of the next traveller. 

Carbonic acid gas has great affinity for all 
calcareous earths, of which description are chalk, 
limestone, and marble : in these masses it plen- 
tifully exists, and the compound is called cai- 
bonate, or rather sub-carbonate of lime. 



Stalactites, or the conical petrifactions which 
are found with their bases sticking to the roofs 
of caverns in many parts of England, are of this 
description, and are formed in the following 
manner : Rain falling upon limestone in the 
neighbourhood of these caverns, dissolves a cer- 
tain portion of calcareous earth by chemical af- 
finity: the saturated fluid enters the cavern by 
drops, and as each drop is produced, the car- 
bonic acid gas which naturally exists in this 
cavity, combines with the lime in solution and 
forms a concrete mass of carbonate of lime. 
Another drop passes over this solid substance, 
and another mass is deposited : continued con- 
cretion in this manner forms a large substance, 
the base of which sticks to the roof by the at- 
traction of cohesion, and the conical form is 
produced by the force of gravity. 
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If we take a vessel containing carbonic acid' 
gas, and pour lime-water into it, in as divided 

1 a manner as possible, the carbonic acid will seize 
the lime as it descends, and the transparent 
lime-water will instantly become tliick and of 

I ^ milky whiteness : This precipitate is found t 
be carbonate of lime, or common chalk. 

Chalk or marble afford a ready means of ob- 
taining carbonic acid gas for the generality of 
' chemical experiments. 

Those who have not proper gas bottles may 
I take a common green bottle, with a wide mouth, 
. and fit the bent tube described in the process 

for obtaining oxygen gas, into a cork that will 

close up the mouth of the bottle. This being 
['.prepared, put in some pounded chalk or marble, 
I -and then pour dilute sulphuric acid upon it. 
; As soon as the cork is placed in the neck of the 
[ bottle, the carbonic acid gas will pass through 
I the bent tube most abundantly, and may easily 
'be collected by introducing the end of the tube 

into an inverted bottle of water placed in a tub 

of water. 



The sulphuric acid having greater affinity for 
1 the calcareous earth than the carbonic acid, the 
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latter is displaced in the preceding experiment, 
and is liberated in the gasseous state. 

A pleasing experiment with this gas and 
which shews its remarkable weight, may be per- 
formed by placing a lighted taper in an empty 
jar, and pouring from another jar apparently 
empty, carbonic acid gas : the gas will actually 
descend into the lower jar and extinguish the 
taper. This experiment is rendered more com- 
plete by throwing a piece of lighted paper into 
the remaining gas; the smoke of which will be 
entangled in it, and shew the space it occupies 
in the glass, and its surface undulating with 
every motion, like water. 

The formation of carbonic acid gas is illus- 
trated by a beautiful experiment with a piece of 
charcoal bark. Ignite a small part of the bark 
with a blow pipe, and introduce it into a vessel 
of oxygen gas. The combustion being plenti- 
fully supplied with oxygen, the charcoal in- 
stantly begins to bum with great brillancy, and 
splendid scintillations are thrown off from the 
bark in every direction. 

During this experiment the carbon, or char- 
coal, unites with the oxygen gas through the 
influence of caloric, and forms carboaic acid 
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gas in the vessel which was previously filled by 
the oxygen gas. 

There are many natural springs of water in 
which this gas plentifully exists, and united 
with different substances forms Seltzer water, 
Pyremont water, and many others : but these 
natural productions having been accurately ana- 
lized, and their component parts being well 
understood, chemists produce artificial com- 
pounds, which are recommended by medical 
persons in preference to the natural fluids on 
account of the superior quantity of carbonic 
acid gas that is forced into them, and the ex- 
clusion of any injurious mineral. 

Carburetted hydrogen gas is produced 
by uniting carbon with hydrogen, and may be 
obtained by distillation from wet wood or 
moistened charcoal. 

The coal^mp in coal mines is carburetted 
hydrogen gas : this gas is frequently found 
issuing from cracks, or fissures in the earth, ia 
the neighbourhood of coal mines. This was 
noticed by Dr. Clayton, more than a hundred 
and fifty years ago, and is mentioned by him 
in a letter to the Honourable' Mr. Boyle, from 
Wigan, iti Lancaahirb. Clayton finding that 
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ihe gas was inflammable which issued from 
fissures near coal mines, suspected that this 
combustible principle resided in the coals ; he 
accordingly took a portion of coal, put it into 
a close vessel leaving only a small aperture, 
and placed it over a brisk fire« Gas was soon 
given out at the aperture, which readily ignited 
and burnt for a considerable time. He also 
collected the gas in bladders, and occasionally 
inflamed it by pricking a hole in the bladder, 
for the amusement of his friends. 

This account is taken from Boyle's manuscripts 
in the British Museum, and is probably the first 
circumstantial relation which we possess con- 
cerning carburetted hydrogen gas. This gas 
has been recently brought into considerable no- 
tice by a person who proposed to employ it in 
lighting streets, manufactories, public places, 
and private houses. 

Whatever may be the pecuniary advantages 
from distilling coal for these general purposes, 
there are some inconveniences which greatly 
militate against the practice, and have induced 
many of those who have already adopted coal 
distillation to give it up. 

To obtain a sufficient supply of carburetted 
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hydrogen gas for lighting the rooms of a houses 
it must he previously produced and retained in 
a proper reservoir. From this general recepta- 
cle, it is conducted through the respective apart* 
ments hy tubes ; and if by accident the ignited 
gas should be extinguished, the tube still con* 
tinning to pour forth its store, the room is soon 
filled with a veiy disagreeable and noxious efflu* 
viutn. It is true that much of the offensive smell 
may be taken away from the gas by passing it 
through lime-water; but the whole process is 
attended with much trouble, inconvenience and 
expence; and notwithstanding tht value of 
tar and coke, tlie products of this operation, the 
generality of scientific persons seem to view it 
more as a matter of chemical amusement than 
as likely to foe productive of public or private 
Advantage. 
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THIS substance, till very Utely^ was con- 
sidered as one of the elementary bodies of nature, 
in other words, a body incapable of further de- 
composition ; but Mr. Davy and M. BerthoUet, 
jun. have ascertained that it is a compound : the 
latter found that it contained hydrogen, and 
Mr. Davy discovered that it likewise contained 
a SBiall quantity of oxygen, with a large quan- 
tity of a basis that produces the acids of sulphur 
in combustion ; and which, on account of its 
strong attraction for other bodies, is only with 
great difficulty separable from them. 

Sulphur being a non-conductor of electricity, 
doe3 not yield its elements to the attraction of 
the surfaces of the voltaic apparatus. So that 
wh&i this is employed, more is effected by the 
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Operation of heat simply, than by electrical in- 
fluence. 

Sulphur is an inflammable body, and is found 
almost pure in the neighbourhood of volcanos. 
It is also found in great abundance in coal 
mines, and united with different metallic ores : 
in the latter combination the mass is called 
pyrites, and the principal part of the sulphur 
which is used in this country is obtained from 
copper and iron pyrites, either by sublimation 
during the process of roasting or smelting the 
pre, or by volatilization during the slow com- 
bustion of a pile of pyrites. 

Sulphuric acid is produced by the union 
of a sufficient quantity of oxygen with sulphur, 
by combustion. 

The sulphuric acid of commerce is generally 
obtained in the following manner : A quantity 
of sulphur, with about an eighth of its weight of 
«alt petre, is placed in a lai^e leaden chamber, 
with a portion of water covering the bottonu 
When the sulphur is set on fire, the combustion 
is supported by the oxygen contained in the 
salt petre, which produces an acid vapour ; all 
acids having strong affinity for water, the va- 
pour is rapidly absorbed by it : this compound 
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is sulphuric acid and water. The next step of 
the process is to separate the acid from the water, 
which is readily effected by ebullitioh : for in- 
asmuch as the sulphuric acid is nearly twice as 
heavy as* the water, the latter is driven off in 
Vapour before the former boils ; thus leaving 
the concentrated acid at the bottom of the 
vessel. 

This procesis is pleasingly illustrated by put- 
ting a small spoonful of ignited sulphur into a 
jar of oxygen gas : The sulphur, which M'iH 
scarcely burn in atmospherical air, rapidly in- 
'ilames las soon as it enters the gas, and burns 
with a beautiful blue light ; the vessel is soon 
filled with sulphuric acid vapours, and a small 
quantity of water being left at the bottom of 
the jar, it readily absorbs them, and becomes 
acidulous, or forms sulphuric acid and Water : 
if the aqueous part be driven off by evaporation, 
the concentrated acid will be obtained as in the 
preceding experiment. If a red rose be intro- 
duced into the acid vapours in the jar, it will 
be immediately blanched. 

Sulphuric acid vapours are frequently em- 
ployed in bleaching silk : for common purposes 
this may be effected by holding the silk over the 
fumes of burning matches in atmospherical air. 
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When sulphur is heated in hydrogen gas, it 
unites with the hydrogen and forms sulphuretted 
hydrogen gas, which has an exceedingly fostid 
and disagreeable smell : this gas is inflammable. 
During its combustion a portion of oxygen 
Unites with the hydrogen, and forms water; 
another portion of oxygen unites with the sul- 
phur, and forms sulphuric acid. 

This gas is produced naturally, and is plenti- 
fully given out from Harrowgate water ; it is 
copiously absorbed by alkalis, and precipitates 
a number of metallic solutions. If characters 
be written with a solution of acetate, or sugar- 
of lead, they become visible and almost black 
by exposing them to sulphuretted hydrogen 
gas. White paint which is fonned from an 
acetate of lead is itamediately blackened by ex- 
posure to this gas. Sulphuretted hydrogen in 
100 parts, contains 29 hydrogen, and 71 sulphur. 
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. THIS ha$ also been ranked amongst the ek-* 
mentary bodies ; but Mr. Davy's analytical ret 
Searches prove that it possesses both oxygen and 
hydrogen. It is a solid inflammable substance, 
and is obtained chiefly from animal bones, in 
which it is combined with lime. It has very 
few useful properties, although it has lately 
been combined with soda, and recommended as 
a purging salt by Dr. Pearson; on account of it^ 
tastelessness. Phosphorus appears luminous in 
the dark, emits a feeble flame at 2m atmosphe^^ 
rical temperature of 50' degrees, burns with a 
very vivid flame at 122 degrees, and passes into 
a gasseous state at ^54 degrees. 

Characters drawn on the wall pr floor with a 
piece of stick phosphorus, are very bright in a 
darkened room, and remain visible a considerable 
length of tinie, but great care must be employed 
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to keep the phosphorus from taking fire in the 
fingers, which will frequently happen in warm 
weather if it be not occasionally dipped in cold 
water. 

A very brilliant experiment is produced by 
burning a piece of phosphorus in a jar of oxygen 
gas. When this is done in a darkened room, 
such an excess of light is emitted that the eye 
cannot bear its impulse^ nor is it possible by 
any other chemical means to produce so lumin- 
ous an effect. Phosphorus will likewise bum 
in nitrous oxide and oxygenated muriatic acid 
gas. 

Phosphoric Acid is produced from the 
union of phosphorus with oxygen. This union 
is obtained by different modes : it may be ob- 
tained from bones or phosphate of lime ; but 
the' combination of phosphorus with oxygen in 
the preceding experiment is sufficient to con- 
vey a general idea of its formation. 

Phosphorus acid which is in a state of oxy- 
genation, inferior to that of phosphoric acid, is 
obtained by putting a piece of stick phosphorus 
in a glass funnel ; in this situation it decomposes 
atmospherical air, and obtains a sufficient quan- 
tity of oxygen from it to become fluid, and 
form phosphorus acid. 
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' Phosphorus unites with Hydrogen, and pro- 
duces phosphuretted hydrogen gas. This is ob- 
tained by heating caustic alkali or quick lime 
with phosphorus and a small quantity of water. 
This gas is obtained with more facility by putting 
some zinc filings and a piece of phosphorus in 
a wine glass of water ; on adding sulphuric 
acid the water is decomposed, the hydrogen of 
which unites with the phosphorus and forms 
phosphuretted hydrogen gas. This gas attracts 
oxygen so rapidly from the atmosphere, that it 
takes fire and explodes as soon as it reaches the 
surface of the water: the experiment is still 
more brilliant when the wine glass is placed in 
ajar of oxygen gas. 

A very small portion of phosphorus is dis- 
solved by putting it either in Oil or Mihei for 
a few hours. The fluid may he rubbed on the 
hands or face with perfect safety, and renders 
them strikingly luminous in a darkened room. 

If a small piece of phosphorus be put into 6. 
wine glass of water, with some oxygenated 
muriate of potash, on pouring in sulphuric acid, 
strong flashes of light will he produced at the 
bottom of the glass. 

Small pieces of phosphuret of lime put into 
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warm water give out phosphuretted hydrogen 
gas, which takes fire as soon as it meets the 
atmosphere. 

The German fire boxes, or phosphoric match 
bottles, may be readily made by putting a piece 
of dry phosphorus in a clean phial, and placing 
it in a gentle heat, until the phosphorus melts 
and sticks to the sides of the bottle ; then cork 
it up closely for use. If a common brim* 
stone match be rubbed against the phosphorus 
in the bottle, it will immediately ignite. 
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THE Acidulating part of this acid has such 
affinity for the miiriate radical, or its base, that 
they have never been separated ; although Mr. 
Davy states, that this subject has occupied 
much of his attention, and that he has operated 
upon miurialic acid in various ways without 
much success. Berthollet, however, thinks that 
this acid is formed principally of nitrogen, with 
a small quantity of oxygen and hydrogen. 

Muriatic acid is obtained by distillation from 
a mixture of common salt (muriate of Soda) 
with half its weight of sulphuric acid. 

Pure muriatic acid is quite colourless, and 
heavier than water in the proportion of 13 to 
10 : It has an unpleasant smell, and emits winte 
fumes when it is exposed to the atmosphere. 
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Muriatic acid gas is the purest state in 
which the acid exists ; it has a pungent smell, 
and is sufficiently corrosive to injure the skin. 
This gas will not support flame or animal life. 
It may be obtained by poUring ^sulphuric acid 
on common salt ; but it is so rapidly absorbed 
by water, that a trough of mercury is necessary 
to collect it, and keep it permanent. 

When an additional quantity of oxygen is 
added to the muriatic acid, or gas, it forms 
oxygenized muriatic addy or gasy which has a 
9n6st suflPocating smell, and destroys the gene- 
rality of colourSj particularly those that are 
produced from vegetables. 

r 

t 

From this peculiar quality which was disco- 
Tcred by Scheele, a Swedish chemist, the gas 
and acid are now both used in the process of 
bleaching. 

According to tHe old mode, the article to be 
bleached was steeped in a solution of alkali, and 
exposed to the sun and air for a considerable 
time, which ultimately removed the brown co- 
lour possessed by flax in its natural state, 
and left the cloth white. This process which 
generally occupied some weeks, according to the 
season of the year, or quantity of solar light, 
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is now effected in as many hours, and when 
properly conducted, without any injury to the 
texture of the goods. 

The oxygenized muriatic acid is sold ready 
prepared at the chemists' shops. To obtain it 
for private use, put a drachm of oxygenated, 
inuriate of potash into about half an ounce of 
muriatic acid; the gas will be immediately 
evolved ; and if vegetable stains or printed cot- 
ton be introduced into the vessel of gas, the 
colouring part will be speedily removed without 
wetting or injuring the texture. If the muria-} 
tic acid be not tolerably strong, the vessel con* 
taining the acid and salt must be placed over a 
lamp, or candle^ for two or three minutes, be- 
fore the gas will be given out. 

Care must be taken not to inhale the oxyge- 
nated muriatic acid gas, as it violently irritates 
(he larynx, and almost instantly produces a car 
tarrh. This gas is strongly recommended for 
destroying putrid effluvia in Hospitals, Barracks, 
Prisons, &c. The infected rooms are cleaned 
and then fumigated with the gas. 

. Foj the purposes of fumigation, this gas is 
cheaply produced by pouring dilute sulphuric 
acid on a mixture of manganese and common 
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salt, exposing the whole to the heat of a 
lamp : the manganese supplies the oxygen, and 
the salt the muriatic acid, which are rendered 
gasseous by heat. The oxygenated muriatic 
acid gas exerts such powerful effects on inflam- 
Hiable bodies, that if Phosphorus, Camphor, 
Alcohol, .^her, or thin leaves of Silver, Gold, 
or Copper be introduced into it, each of those 
bodies will instantly take fire. 

This gas retains its gasseous form at any com- 
mon temperature of the atmosphere, but it is 
readily condensed by cold ^nd absorbed by 
water. In the latter state it forms oxygenated 
muriatic acid, which is now generally used for 
Meaehing. 

This acid may be obtained for general pur- 
poses, although it is not of the purest kind, by 
the process recommended for fumigation, or by 
mixing half a pound of common salt with a 
quarter of a pound of manganese in a bottle 
with a bent neck fixed to it, then pouring in 
four ounces of sulphuric abid, diluted with four 
ounces of water ; on applying a gentle heat^ 
the gas will soon pass over, and may be col- 
lected in a bottle of water inverted in a vessel 
rfiwater. A little agitation of the bottle will 
facilitate the union of the gas with the water, 
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and when a sufficient quantity has been ab- 
sorbed, it may be corked up for use. 

If wine or ink stains, or unbleached cloth be 
steeped in this fluid, the colour will be expelled 
without injury to the fabric : this bleaching 
process is effected through the agency of the 
oxygen, which is loosely held by the fluid. If 
it be exposed to the sutfs rays in a glass bottle, 
the acid loses its redundant oxygen, and the 
fluid becomes useless for bleaching ; so that it 
is necessary to keep it in a common dark green 
bottle excluded from lights unless used im-* 
mediately. 



Fluoric Acici 



THIS acid united with calcareous earth forms 
Fluor, or Derbyshire spar. 

To separate the acid, pound some small pieces 
of the spar, and put them into a leaden bottle ; 
then pour in some strong sulphuric acid and ap- 
ply a sand heat. The sulphuric acid having a 
greater affinity for the calcareous earth than the 
fluoric acid, the latter is evolved in the state of 
gas, which readily unites with water, and n^ay 
afterwards be concentrated by distillation in a 
leaden vessel. 

Although this acid is so slightly corrosive 
that it will not injure the skin, yet it has the 
remarkable property df decomposing Silex^or 
Flint, which no other acid possesses; and as 
glass contains a considerable quantity of Silex» 
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the acid cannot be kept in glass vessels without 
dissolving them. 

From this peculiar property it is used for 
amusement, and with some success in the arts, 
for etching on glass. Take a piece of glass, 
warm it, and coat its surface with bees' wax ; 
when the wax is cold, etch whatever is intended 
and pour a small quantity of the acid upon it ; 
this will instantly attack that surface of the 
glass from which the wax has been removed by 
the etching needle. The acid may be left on 
the glass for about half an hour ; then wipe off 
the wax, and a complete etching of the subject 
will remain. 

Designs etched on pieces of thick plate glass 
may have impressions taken from them on paper, 
in the same way as from an etched copper plate. 

Those who cannot obtain the distilled acid 
may put some pounded spar into a leaden ves- 
sel with half its weight of sulphuric acid, and 
place it for an hour on the fire in a garden pot 
filled with sand ; then pour off the liquor and 
keep it in a leaden vessel for use. 

It is supposed that there is some analogy 

H 
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between the fluoric and muriatic acids : in one 
respect they certainly correspond; that is in 
the great affinity of their respective bases to 
oxygen, from which they have never yet been 
separated. 

This acid will unite with the oxides of metals, 
but not with inflamnlable bodies. 



' - I 



Afii^ of B^p^K* 



BORACIC acid is obtained from Tincal or 
crude Borax, ^hich is found in a native state in 
Africa and India. Tincal is composed of Borax 
and Soda : these are separated^ and the borax 
purified in this country. 

To a solution of borax in boiling water add 
half its weight of dilute sulphuric acid^ then 
evaporate a portion of the fluid ; the remainder 
on cooling will produce shining scaly chrys- 
tals of boracic acid. These chrystals are soluble 
in alcohol^ and the solution bums with a beau- 
tiful green flame. 



The boracic, like the fluoric and muriatic 

H 2 
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acid, has not been decomposed ; it is amongst 
the weakest acids, and acts with feeble influence 
both on metals and their oxides. 

Borax is used in melting glass, but more par- 
ticularly in soldering metals: it cleanses the 
surface of the metal, and assists the fusion of 
the solder. 




Vegetable Acids. 



THESE have compound bases which are 
formed of Carbon and Hydrogen, and derive 
their acidity from Oxygen, the other elementary 
principle of vegetables. 

The Citric Acid is the pure juice of lemons, 
which may be obtained by exposing the juice 
to a freezing atmosphere : this congeals the 
water, and leaves the acid in its concentrated 
state. 

The Malic Acid is obtained from the juice of 
unripe fruit, particularly apples. 

The Acetous Acid is common vinegar ; a pro- 
duct from the fermentation of saccharine matter. 
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The Gallic Acid exists in nut galls, with Tan 
and some other substances ; it may be separated 
from an infusion of galls by muriate of Tin. 
This acid is also found in many * barks, roots 
and fruits. 

There are many other vegetable acids which 
are not generally interesting; therefore it would 
be tedious to particttfatiz^ them in an elemen- 
tary work ; such are the Benzoic^ Oxalic^ Cam- 
phoriCy TatareouSj Suberic, Sfc. Animal sub- 
stances also form acids, as the Lactic, or Acid 
6fMtic, SebOdiCy o\r Atia ^f Fat, Priesstc, ^iom- 
Ucy ^oMd, MA Fimdc Atid^. 



Alkalis. 



THERE are three alkalis^ Potash, Soda and 
Atnmotiia ; the two former were, until lately, 
called fixed alkalis, the latter volatile alkali. 

The properties common to the three are tht 
change which they produce in vegetable blue 
colours by turning them green, having an acrid 
end peculiar taste, rendering oils mixible witii 
Water, and readily combining with acids form- 
itig neutral salts. 

Potash is obtained from burnt vegetables, by 
washing the ashes and evaporating the fluid, 
wfaiich leaves the solid alkali in chrystals stick- 
ing to the vessel. Russia and America, from their 
immense forests, supply a considerable portion 
of the potash of commerce. 
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Dry potash readily imbibes moisture from the 
atmosphere, which renders it deliquescent. 

Soda was formerly obtained from the ashes of 
marine plants, by a process similar to that for 
procuring potash ; but since common salt is 
found to consist of muriatic acid and soda, it is 
more plentifully and conveniently obtained 
from it. 

Potash and Soda being unchangeable by the 
influence of heat, they were generally supposed, 
till lately, to be' elementary bodies ; but the 
ingenuity and industry of Mr. Davy has dis- 
covered that they are compound and decom- 
posable masses, constituted of a metallic base 
united with oxygen. 

Tliis interesting discovery was first effected 
by means of the Galvanic trough, in the follow- 
ing manner : A small piece of pure potash which 
had been exposed for a few seconds to the at- 
mosphere to imbibe moisture so as to give a 
conducting power to its surface, was placed 
upon an insulated piece of platina connected 
with the negative side of a large voltaic battery, 
containing 100 six-inch and 150 four-inch 
plates in a state of intense activity ; a platina 
wire was likewise brought in contact with the 



Tipper surface of the alkali from the positive 
side of the apparatus. 

The potash soon began to fuse at both points 
of the wire, oxygen gas was given out at the 
positive end, and small globules, having a high 
metallic lustre and precisely similar in external 
character to quicksilver, were produced at the 
negative end, some of which globules burnt 
with a bright flame, and exploded as soon as 
they were formed ; others remained only tar- 
nished and covered by a white film that finally 
pervaded the whole mass of metal, and converted 
it again into potash. Thus this synthetical pro- 
cess proved the correctness of the analytical ex- 
periment ; for the white crust that was formed 
on the surface was produced by the absorption 
of oxygen from the atmosphere by the metallic 
base, which converted the body into the same 
state from which the eleraentshad been separated. 

Soda was decomposed by the same process 
and produced analogous results ; but to effect 
this decomposition it required more intensity 
of action than the potash. 

The combustible and metallic base of fixed 
alkahs is repelled by surfaces positively electri- 
fied and attracted by those that are negative; 
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bat oxygen is attracted by the positively elec- 
trified wire of the apparatus, and repelled by the 
negative end, which shews that the inflammable 
blise of alkalis is in a highly positive, and the 
oxygen, the other constituent part, in a highly 
negative state of electricity. It is thus we un- 
dei^tand how the decomposition of the body is 
efibcbed : the positively ekctrified base and the 
fiegativeiy electrified oxygen have hitherto been 
held togethbr by such strong affinity that the 
ciidmi^t could not separate them ; but from the 
x(E^y opposite states of electricity produced by 
th6 voltaic apparatuis, the utiion hbtwtien the 
oxygenlind base of the alkali is dissolved^ and 
each eldnftismt combines with its superior affinity^ 
uniting the iuflamtnaUe ixise with the negative^ 
and the oxygen *witfa the positive ^ds of the 

From the s4»iong affinity of this iktetallic base 
for oxygen^ there is considerable difficulty in 
pieventifig its recomposition : retently diistiUed 
Naphdlais best Istiited to this puitpose, in which 
the metal may be kept for. several days without 
undergoing any considerate change. 

Thh extrkardintary iDetal ibilns ian impeifect 
fluid lat a tetl^rature t>f 70 d^ees ; • at ItX) de- 
grees ft hcooTimi entiriedy fiikM^ so thM snmll 
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globules easily run into one another. At 50 
degrees It is a soft and malleable solid which 
has the lustre of polished silver, and at 32 dc 
grees, the freezing point of water, it becomes 
hard and brittle, with a chrystallized texture. 
ITie metal obtaihed from potash is called Potas- 
Blum, that from Soda, Sodaum. 

The specific gravity of Potassium to water is 
ftfeariy as 77 tb lOO. It swims in double dis- 
tilled Naphtha in a temperature above the freez- 
ihg poiht; but sinks when the temperature is 
below it. 



The chemical relations of this body are still 
more interesting than its physical properties. 

When potassium is brought in contact with 
the least drop of water an instantaneous eXplo- 
sion is produced with a brilliant flame; the 
■water is decomposed, and the result is a solu- 
tioto of pure potash. 

If a globule of the metal be placed upoft ice 
it instantly bums with a bright flame, and foh«6 
a deep hole, which is likewise found to contain 
a solution of potash. 

So strong is the attraction of potassium foi 
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oxygen^ that it discovers and decomposes the 
smallest quantities of water contained in Alcohol 
or ^ther, even when they have been carefully 
purified. 

By forming an amalgam of mercury and po- 
tassium, it acts upon gold, silver, and platina^ 
and rapidly revives all metallic oxides. Sodaum, 
or the basis of soda, is similar in its chemical 
properties to potassium. The specific gravity 
of Sodaum is rather greater than that of Potas- 
sium ; but it^ is still considerably lighter than 
water. 

100 parts of Soda contain ^^ Sodaum and 
23 oxygen. 

100 parts of potash contain 84 potassium and 
16 oxygen. 

After Mr. Davy had published to the world 
this beautiful and interesting discovery, two 
French chemists, Gay-Lussac and Thenard, hit 
upon a mode of obtaining Potassium or Sodaum 
in more considerable quantity than is practic-^ 
able by the original method of Mr. Davy. 

A gun-barrel, with the breech taken out, is 
bent to the figure of the letter cc : a piece of 



potash or soda in the solid state, is introduced 
at the breach end into a chamber formed by a 
plate of iron placed across the tube, with a hole 
in its centre : when the bent part of the tube is 
sufficiently heated in the furnace, the alkali 
melts and drops in small quantity at a time 
through the aperture upon some iron shavings 
contained in the barrel below the perforated di- 
vision ; the heat being rendered very intense, 
the oxygen of the potash, or soda, unites with 
the iron and forms an oxide of iron, and the 
metallic basis sticks to the sides of the gun 
barrel, from whence, when cooled, it is to be 
collected and introduced immediately into a 
Phial of Naphtha. In this manner a sufficient 
quantity may be easily obtained for any chemi- 
cal experiment. 

This discovery of the Alkaline metals has not 
yet been employed to any advantageous purpose 
in the arts; but potassium is very useful to 
chemists as a teat for the detection of small 
quantities of oxygen, an object of great impor- 
tance in analytical experiments. 

Having given an outline of these interesting 
discoveries, we will now proceed to a considera- 
tion of some of the useful purposes to which 
the alkalis -are applied. Soap is formed by 
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UDitiQg the alkalis with tallow or oil. Hard soap 
1$ produced by boiliog potash, soda, and tallow iu 
water for a considerable time ; this ultimately 
forms a curd, whicli is poured into moulds 
harden, and is afterwards cut out for sale. 



n 



The chemical principle on which soap is made 
i$ sufhciently explained by putting some oil 
and rain water iuto a phial; these will not unite, 
but if a small quantity of ^ solution of potash 
be added, the whole will instantly combine a^d 
form a sapon^eous fluid ; pour in a few drop? 
of any dilute acid, and the oil and water will 
immediately separate. This process may also 
serve to explain the difFerenge between what is 
CWniponly called hard and soft water. If a sot 
lution of soap be made in spring water, a cyrd 
is found floating on the surface, which does not 
Qccur to a solution niade in soft water : this is 
occasioned by tlie acids which the spring water 
has imbibed, together with other hfterogeneoyp 
matter, in its percolation through the earth. 
The acid seizes on the ^Ik^U of the soap an4 
sets free the fat, which floats op the surface of 
the water. Those who cannot get soft water 
may easily render spring waiter fit for the pur- 
pose of wasliing, by throwing into it a smaU 
quantity of wood allies a short time previous to 
'M heiRfi used The alkali coAtAined in the 
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ashes will combine with the acid, and the water 
will become as fit for uae as the purest rain 
water. 

The acids that are most generally found in 
well-water are the sulphuric and muriatic : the 
presence of these acids, and their relative quan- 
tities, may easily be detected by tests. If sul- 
phuric acid be present, a drop of a solution of 
muriate of Barytes will instantly produce a 
whitish cloud, and by the density of this cloud 
we may judge of the quantity of sulphuric acid 
contained. 

Muriatic acid is discovered by nitrate of sil- 
ver. "When a drop or two of this solution falls 
into water containing the slightest portion of 
muriatic acid, it instantly produces a yellowish 
cloud, the density of which will be as the quan- 
tity of acid. 



Vegetable blue colours are tests of the pre- 
sence of alkalis as well as acids. If a few drops 
of a solution of potash be poured into syrup of 
violets, the latter will lose its blue colour and 
become green. If a few drops of dilute acid be 
added to another portion of syrup of violets, it 
will be turned red : yet if this red and green 
fluid bemixed in proper quantities, the compound 
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will be restored to its beautiful blue colour, 
by the union of the acid and alkali. 

Alkalis and the generality of acids are so 
acrid and corrosive that the skin or any animal 
substance is immediately injured by their con- 
tact ; yet if the acid and alkali be united, they 
form a third body totally differing in its pro- 
perties from cither of the other two. Take 
double distilled vinegar and a saturated solu- 
tion of potash, either of these separately will be 
found acrid and disagreeable to the taste ; but 
mix them together in proper quantities and the 
compound will be quite tasteless; nor will it 
change the blue colour of Litmus or the Violet. 



Ammonia. 



AMMONIA, or volatile alkali, has for s6me 
time been known to be a compound body, 
formed of hydrogen and nitrogen ; existing as 
a gas in its purest state. Mr. Davy supposes 
that in addition to the two preceding elements, 
it contains about seven or eight per cent of 
oxygen. 

There is so much reason to believe that all the 
alkalis possess oxygen as well as acids, that this 
element may now be considered to be a principle 
of alkalescence as well as of acidity. Indeed it 
seems more than probable that all bodies are 
constituted of different portions of oxygen and 
an inflammable base, united by the opposite 
states of electricity which they possess. 

Ammoniacal gas may be obtained by mixing 
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€qual parts of muriate of ammonia and quick- 
lime in powder. The compound being put into 
a ga$ bottle, >vhen the heat of a lamp is em- 
ployed, the ammonia will be plentifully liberated; 
but will only remain permanent over mercury, 
being immediately absorbed by water. 

This gas is fatal to animals ; has a very pun- 
gent smell, and instantly extinguishes flame. It 
is lighter than atmospherical air, and will not 
explode when mixed with hydrogen gas. 

The liquid ammonia is formed by the rapid 
absorption of ammoniacal gas by water. If two 
or three drops of water be admitted into a jar 
of ammonia, the whole of the gas will be in- 
stantly absorbed. The gas is given out again 
from liquid ammonia by heat. 

When ammoniaral gas is mixed with acid 
gases, a cloud is produced, formed of ammonia^ 
cal salts. This is very apparent when muriatic 
acid gas is emplpyed. In the separate state of 
these two gases, they are completely invisible ; 
but the instant they are suffered to enter- into 
union, a dense white cloud is diffused through- 
out the vessel. 



£arth«. 



THESE bodies are dirided into two kinds, 
calle^ alkaline And simple earths. 

The alkaline earths are Barytes, Strontites, 
Lime, and Magnesia. 

The simple earths, Silex, Alumine, Zircon, 
GIticine, and Yttria. 

Tliese were, till lately, considered as elemen- 
tary bodies ; but the electro-chemical apparatus 
not only shews the alkalis to be compounds, but 
likewise the alkaline and simple earths, as they 
have been generally called, are found to possess 
a metallic base united with oxygen. 

The specific gravity of the heaviest earth does 
not exceed five times the weight of water; 

i2 
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M'hereas Tin, which is the lightest ordinary 
metal, is seven times heavier than Water. What 
particularly distinguishes earths, is their affinity 
for acids, and the various products resulting 
from them : but as these combinations will be 
noticed in their proper place, we will now only 
«tate the general character of the earths ; and 
first o^ Barytes. Tills substance from its weight, 
which is five times that of water, has been called 
ponderous.earth. It has a sharp caustic tastc^ 
and, like the alkalis, unites oil and water: it 
changes vegetable blue colours to green, and 
fresh prepared Baiytes has such affinity for 
water, that when water is poured upon it, the 
fluid is rapidly absorbed, and an abundant quan- 
tity of heat is evolved. This union produces s^ 
very tenacious cement. Boiling water will dis- 
solve half its weight of Barytes ; it likewise dis- 
solves in alcohol, and then burns with a yel- 
lowish flame. Barytes is a most virulent poison. 



Strontites. This earth has its name from 
Strontian, the place where it was first discovered ; 
since which it has been found in different parts 
of Europe. It is obtained from its carbonate 
by an intense heat ; it has a greyish appearance, 
and is very acrid and caustic, but in a less de- 
gree than either Potash, Soda, or Barytes. 
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Strontites is readily soluble in boiling water, 
and forms regular chrystals as the water cools : 
it is likewise soluble in Alcohol, and gives a 
curious blood-red flame when the boiling alcohol 
is set on fire. 

From the great analogy between Barytes, 
Strontites, Potash, and Soda, the two former 
have been ranked as alkalis by some eminent 
chemists. 

Lime when fresh from the Jciln is white and 
brittle, has a hot burning taste, corrodes animal 
and vegetable substances, and turns vegetable 
blue colours green. Its specific gravity is twice 
that of Water. 

When water is poured on fresh lime a prodi- 
gious quantity of heat is evolved ; and in 1 00 lbs. 
of lime 28 lbs. of water will be totally absorbed, 
so that the mass will be solid. 

The heat which is produced by what is called 
slaking of lime, arises from the chemical union 
of the water with the earth. This affinity oc- 
casioning the water to take a solid form, the 
heat which previously kept it in a state of flui- 
dity is set free, and so abundantly, that it 
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frequently $ets fire to wood or any inflammable 
body in contact with the slacking lime. 

A considerable quantity of vapour is likewise 
driven off, and with this a small portion of 
lime ; for paper stained with violets held in the 
vapOur is turned gr^Q. 

Water will dissolve about a 500th part of its 
weight of lime ; it is then called lime-water. 
Lime has great affinity for carbonic acid ; when 
imited with this acid it is called carbonate of 
lime. Chalky limestone, and marble are carbo- 
Date9 of Lime : these being exposed for some 
time to a red heat in a kiln, the carbonic acid 
is driven oflF in the form of gas, leaving the alka- 
line earth in a highly caustic state. Lime 
combines with all the ax^ids, likewise with Sul- 
phur, Phosphorus, and the metallic oxides. 

Magnesia is ranked amongst the alkaline 
earths, but it has less of alkalescent properties 
than any of those that have been mentioned. 
When magnesia is pure, it is very light, white, 
and tasteless. It combines with acids, but is 
more easily separated from them than any of 
the earths that have been noticed, although it 
produces an intense heat and red light when 
suddenly misced with concentrated sulphuric 
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acid. It combines with Water v^ty spatiftgly.; 
act exceeding a fiOOOth part of the weight of 
the water. 

iSi/dr is out of the sitnpife earthy Wsd is that 
substance which forms the ptittcipal part "df 
flints, rock chrystal, and some of the gfertfs. 
Pure silieions earth in powder h jyetfectly white 
and tasteless ; insoluble in Wat^r, tod h^h k 
dry and harsli feel to the fingerfe. It is not 
acted upon by any other than the fluoric acid, 
which connplctely dissolves it. 

Silex fused with potash or soda fornix glass; 
but in the making of this article for coihmercfe 
^her ingredients are mixt with the i^i lex besides 
alkalL Fine glass is domposed of I'Sth parts 
flint, 8 pure, potash, 6 coloured borate, 3 fi^akj 
1vhitc> atid 1 niti^ 

When too niiuch potash is put into glass, it 
attracts moisture from the a.tm0i^phere, and it 
hds 8omel>imes happened that a large lookihg 
glass has dropt out of fts frame kfid becotne $h 
softias to fee easily crumbled to pieced by the 
fiagers. . •. 
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When silex is completely dissolved in alkali, 
it is called liquor of flints : we are told that a 
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piece of rock chrystal has been formed in this 
fluid, by leaving it undisturbed for seven or 
eight years. 

Alumine constitutes a principal part of com- 
mon clay, and likewise forms the greatest por- 
tion of Alum. From this last mentioned sub- 
stance it is obtained in its pure state. Alumine is 
smooth, has an unctuous feel, and sticks to the 
tongue : It is diffusible, but insoluble in water. 

Zircon was discovered in a stone in Ceylon, 
called Jargon ; it likewise forms a part of the 
stone called Hyacinth, Zircon is white and 
harsh to the feel like silex, but without either 
taste ;Or smell. It is insoluble in water, and 
unitet with carbonic, nitric, and sulphuric acids ; 
it is fusible in a strong heat, and becomes ao 
hard as to strike fire with steel, and scratch 
glass. 

Glucine, like Zircon, is a recent discovery, 
and is found to exist in the Beryl and Emerald. 
It forms a white soft powder which sticks to 
the tongue like alumine ; it is infusible by heat, 
insoluble in water, has no action on blue vege- 
table colours, and combines with the different 
acids. 
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Yttriay like the two preceding earths, has no 
property, either interesting or useful to the ge- 
neral inquirer. It was first discovered in a stone 
called Ytterby, found in Sweden. It is white, 
and has neither taste nor smell ; infusible alone, 
but forms a white glass with borax, and is in- 
soluble in water. Its specific gravity is near 
5 times that of water. It is soluble in mopt 
acids, but is not acted upon by the alkalis. 



Neutral Salts. 



THIS extensive and useful class of bodies 
might have been introduced under the heads of 
acids, alkalis, or earths, from which they are 
formed ; but it is considered a preferable mode 
to place them under one head, to simplify as 
much as possible, the account of the respective 
bodies from whence they are derived. 

Salts are formed by the union of the different 
acids, with alkaline, earthy, and metallic bases : 
different quantities of oxygen may combine 
with these bases ; when they are fully saturated, 
the termination is in atCy as sulph-ate of soda ; 
but when the base receives an inferior quantity 
of oxygen, the word terminates in. itCy as sul- 
ph-ite of potash. 
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The present names of chemical compounds 
have great advantage over those they formerly 
possessed : for instance, sulphate of soda was 
called Glauber's Salt ; this merely indicates 
that it was a salt made or discovered by a per- 
son of the name of Glauber, without informing 
us of any circumstance belonging to the pre- 
paration itself : but the new nomenclature tells 
us that it is a chrystallized mass, formed by the 
union of sulphuric acid with the alkali soda : 
that salt-petre is a nitrate of potash, and common 
culinary salt, muriate of soda. 

Sulphates are neutral salts produced by the 
union of sulphuric acid with particidar bases. 

Sulphate of Potash^ formerly called Vitriolated 
TartaVy has a penetrating bitter taste, is soluble 
in hot and cold water, and is volatalized when 
thrown on red hot iron. It does not exist in a 
natural state, nor has it yet been affiled to any 
Hseful purposes. 100 parts contain SO acid^ 
QS alkali, and 5 water. 

Sulphate of SodOj or Glauber' i Salty has a lut- 
ter, cool, and saline taate. It is found abun« 
dantly in sea water, and likewise m an eflorescen t 
state upon old watts, and upon the surface 
of the earth. When exposed to the air it Imcs 
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its water of chrystallization, and the chrystals 
fall into a white powder. Water dissolves it 
very readily ; hot water will take up nearly its 
own weight ; but a considerable portion of the 
salt will again chrystallize on cooling. 100 
parts of this salt contains 27 acid^ 15 soda, and 
58 water. 

Sulphate of Ammonia^ or mtriolated volatiU 
Alkali, has a bitter taste, and is slightly deliques- 
cent : it is not known in a natural state, but is 
formed by the direct union of sulphuric acid 
with ammonia. Two parts of cold water take 
up one of this salt, and hot water wilkdissolve 
its own weight 100 parts contain 55 acid, 
14 ammonia, and 31 water. Its use is very 
limited, being chiefly prepared for chemical ex- 
periment 

Potash and Soda having stronger chemical 
affinity for sulphuric acid than ammonia, the 
salt is decomposed by these alkalis, and the am- 
monia set free. 

Sulphate of BaryteSj br ponderous Spar, has 
a stronger affinity for sulphuric acid than 
Any other of the alkaline bodies, so that it will 
take this acid out of its combination with any 
etber substance. If a few drops of a solution 
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of Barytes in muriatic or nitric acid be let fall 
into water containing the smallest quantity of 
sulphuric acid, it will instantly unite with it, 
and form a dense white cloud ; and as spring 
water generally contains some portion of sul- 
phuric acid, a solution of Barytes, in muriatic 
acid, is commonly used as a test to detect the 
relative quantity of the sulphuric acid which is 
contained in the water. 

N. 

The sulphate of Barytes is the heaviest of all 
the salts; it is found abundantly in the interior 
of mountains, and is without taste or smell. It 
contains 25 parts acid, and 75 earth. Its spe- 
cific gravity is about 4^. The Bolognian phos- 
phorus is formed from this sulphate by decom- 
position at a red heat 

Sulphate ofStrontites resembles, in its general 
properties, the sulphate of Barytes : It is very in- 
soluble in water, and has a great affinity for 
sulphuric acid. 

The sulphate of Strontites is found in con- 
siderable quantities in the neighbourhood of 
Bristol. 

Sulphate of Lime : Selenite or Gypsum, is of a 
white colour. When it is burnt it absorbs water 
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rapidly, and almost instantaneously forms a 
hard solid mass. There are very few saline 
bodies that are so plentiful in nature as sulphate 
of lime; it sometimes forms entire strata in 
mountains; it is likewise found in mineral waters, 
and in the aslies of vegeta^bles. ' It is sparingly 
soluble in water, but is decomposed by the alka* 
Its which unite with the sulphuric acid, and 
throw the lime out of combination* 100 parts 
contain 46 acid, 32 Lime, and 22 water. Sul- 
phate of lime is called Plaister of Pari» when it 
is burnt and pulverised : this is mixed with 
water and poured in<to moulds to form images, 
bass-rdievos, mouldings, Sec. 

Sulphate of Magnesia^ or Epsom Salty forms 
the basis of many purgative and mineral waters ; 
it has a very bitter taste, and is decomposed by 
Lime and Barytes, which take the acid out of 
its combination with the magnesia. This salt 
is seldom prepared artificially, as nature presents 
it in sufficient quantities for any purposes .t€> 
which it may be applied. 100 parts contain 
33 acid, 19 magnesia, and A& water. 

Sulphate of Alumine. Alum was formtrfy 
considered as a sulphate of Alumine, but it is 
nowfound to be a triple salt containing sulphuric 
acidv Aiumim) and a little potash, or ammonia ; 
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sometimes both. The Alum of commerGe con- 
tains in 100 parts, 49 sulphate of aluinine) 
7 potash, and 44 waten It has an astringent 
taste, and reddens vegetable bhies ; it is* soluble 
in cold water, and boiling water dissolves ^ of 
its weight. This salt is very usefiil in the arts, 
pai^ticularly in dying and callico printing, where 
it is used to fix particulajr colours. 

A combination of alumine, sulphur, and char- 
coal^ forms Homberg's Pyrophoms, which is a 
light black powder that takes fire on pouring it 
out of a; bottle i»to the air : it inflames with 
great rapidity in oxygen gas. 

Sulphate ofGlueme. Thb eart^ readily com^ 
bines with sulphuric acid, and forms a very solu- 
ble salt, which ha^ a sweet and rather am^ astrin- 
gent taste. 

Sulphate of Zircon is a white insehibte twte- 
\es» salt, whicbi is^ dtoomposed hy heat, and! 
readily yiekk ito sulpburicr acid to the alkalis. 

Sulphate c^/Fifi^^cliirysfialliMs in smaM grams 
of a light red colour ; has a ' sweet taste, and 
reqjuire& SQ parta of eold watei lor it9 sokAion. 

Si^i^FiiiVl^ ave salts fitmaed} by sul^piMireensf 
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acid with different bases. The sulphureous acid 
has less oxygen than the sulphuric. 

The sulphites are not native productions ; but 
are fabricated in the laboratory of the chemist : 
they possess a sharp disagreeable sulphureous 
taste, and are decomposible by fire. All the 
sulphites absorb oxygen more or less, by which 
means they become sulphates, with an increase 
of weight according to the quantity of oxygen 
taken up. Sulphites burn with great rapidity 
when they arc mixed with oxygenated muriate 
of potash. This class of bodies has hitherto 
been found useless in the arts, and as they pos- 
sess no interesting or amusing chemical proper- 
ties, this brief outline will be sufficient. 

Su LPHU RETS are formed by mixing and fusing 
sulphur and some alkaline base together. 

Stdphuret of Potash, or Liver of Sulphur, as 
it has been called, is obtained by melting two 
or three parts of the alkali with one of the sul- 
phur ; the mass has a liver coloured appearance 
from whence it has obtained its name. 

. Sulphurets although hard when they are first 
formed, soon imbibe moisture from the atmos- 
ph^re^ and become soft, emitting a disagreeable 
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smell, much like that of rotten eggs. They 
change the vegetable blues, green, and blacken 
the skin, silk, and animal substances* 

Su^phurets are decomposed by the acids, and 
in their liquid state absorb oxygen gas, which 
uniting with the sulphur, forms sulphuric acid ; 
this combines with the alkali of the sulphuret 
and forms sulphate of potash. 

Nitrates are formed by the combination of 
Nitric acid with particular basest 

Nitrate of Potash^ usually called Nitre or 
Salt Petre, may be artificially produced by the 
union of nitric acid and potash, which on eva- 
poration^ yields chrystals of salt petre : but this 
important and well known salt is one of those 
most frequently found in a native state. Spain 
and the East Indies afford the greatest supply. 
It also exists in several parts of America. 
It is artificially obtained by spreading on the 
surface of the earth, animal, vegetable and earthy 
substances, which putrify and give out nitro- 
gen. This gas united with oxygen, produces 
nitric acid, and the acid combining with the 
alkaline matter in the earth, forms nitrate of 
potash. 
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This salt is likewise spontaneously produced 
in an efflorescent state on old walls, stables, 
dove-houses, and other places that are frequently 
moistened with animal fluids or vapours : soft 
calcareous stones have frequently the property 
of producing salt petre ; and on the old mortar 
of uninhabited houses it is almost invariably to 
be found. 

Nitrate of potash has a cool, penetrating, and 
bitter taste, by which it is easily distinguished. 
Hot water will take up its own weight of this 
salt : When thrown upon red hot iron, it gives 
out a white flame. With a moderate degree of 
heat it fuses, and the water of chrystallization 
being driven off, and the melted salt poured into 
moulds, it forms what is commonly called Sal 
Prunella. 100th parts of Nitrate of Potash 
contain 30 nitric acid, 63 potash, and 7 water. 

Every pound of nitre yields 12000 cubical 
inches pf oxygen gas ; it is on this account that 
salt petre is employed with sulphur to make sul- 
phuric acid, the quantity of oxygen evolved 
from the nitre being sufficient not only to sup- 
port the combustion, but likewise to unite with 
the sulphur, forming sulphuric acid. 

Burning charcoal likewise decomposes nitrjc 
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acid. If nitrate of potash be mixed with char- 
coal and set on tire, detonation ensues, and the 
nitric acid contained in the salt is decomposed. 
The oxygen of the acid unites with the chai coal 
and forms carbonic acid gas, and a portion of 
this carbonic acid unites with the alkali of the 
nitre, and forms carbonate of potash. 

A mixture of five parts nitre, one sulphur, 
and one powdered charcoal, carefully rubbed 
together with a sufficient quantity of water to 
keep tliem from igniting, and afterwards granu- 
lated and dryed, forms Gunpowder. The ad- 
vantage of the sulphur seems to consist in the 
facility which it gives to the ignition of the 
other materials. 

The prodigious force of gunpowder arises 
from the expansive power of the gasses which 
are generated by tlie combustion of the ingre- 
dients. The Residuum after the explosion, con- 
sists of sulphate of potash, and a small quantity 
of carbonate of potash. 

A mixture of three parts powdered nitre, two 
of carbonate of potash, and one of sulphur,, 
forms a fulminating powder, which explodes 
with a loud noise when laid on heated iron. 



L 
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Nitrate of Soda is not a natural production, 
but is formed by the union of nitric acid with 
soda. It has a cool bitter taste, is rather deli- 
quescent, and burns with a yellow flame. 100 
parts contain S9 acid, 50 soda, and 21 water. 
This salt has hot yet been employed for any 
useful purpose. 

Nitrate of Ammonia is produced by uniting 
nitric acid gas with ammoniacal * gas, which 
forms a white cloud that subsides and chrystal- 
lizes on the sides of the vessel. The most simple 
and easy way of obtaining this salt is by putting 
carbonate of ammonia into diluted nitric acid : 
the ammonia unites with the nitric acid, in pre- 
ference to the carbonic acid, and when the fluid 
part is driven off by evaporation, chrystals are 
formed of nitrate of ammonia. When this salt 
is thrown upon heated iron, it melts, produces a 
vivid flame, and explodes with considerable 
noise. 100 parts contain 75 acid, 19 ammonia, 
atul 6 water. 

If this salt, which is a dry and solid mass, be 
rubbed in a mortar, with an equal quantity of 
muriate of lime, these two solid bodies immedi- 
ately umte and form a perfect fluid. 

• • • . I 

But what most. particularly distinguishes the 



\ 



JTSU^RAB SAXT^. 141 



nitrate of ammoniay/issthe. igas called liittQiis 
oxide, which is 'produced fromat » 



. i . •< 



' This salt isi'diecoraposed in a glass retort^. by 
the heat of a spirit lainp';; and the: gas whichis 
generated is collected in a proper "veissel for inse. 
Oxygen tad nitrogen 'are the? elementary prinr 
ciplef^ that forni' it ;! but they ;aj« united by elter 
tricity, and existr in different proportions fnon^ 
those in which they are fbuUd in atmospheiic 
air.' ■■:,.. . -....,;: 



'.*-.* 



When the Nitrous Oxide is included in a 
bladder or silk bag, and respired for some little 
time, it produces nemarkable effects, inuch i«^ 
i^embling intoxication ; but with this dtrikii^l^ 
difference, that jt leaves no lassitude or indi«^ 
positiota after its exhilaratingeffectdbaveceasesdn 
on the contnu'y, it s^ms in many instancesjte 
leave an additional energjjr. ■ ^ ' >/ : -; - ^ • »» ) > 

The sensations are different in different per- 
sons^ and seem in Isome measure to be governed 
by the naJturdl disposition of .those who take iX: 
if they aire naturally lively aikd cheerful, it never 
faik to prt>daee great exhilaration,, iabd generiEtDy 
makes the fGrsod! dance (and Jump about ija a 
ludicrous. ImatiUieri; those of, a Jnore. serious or 
grave Qhm»C%tr are ' not <iio urij^lmit ly. affected* ; 
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Mid instatK^es occasionally occur in which the 
gas produces no sensaltiou at aiL 

• Nitrate of Baryies has not been found in a 
native state ; but n obtained by dissolving the 
native carbonate in: nitric aeid. It requires 
d< or 4 ttitie» its weight of hot water for its so^ 
lution, dndt is' not .altered by? exposure to the 
atmosphere. In a red heat^: the acid is driven 
ofiy. leaving die Barytes in^a Very caustic state. 
100 parts contain 38 acid, 50 Barytes^ and 18 
water. 

Nitrate of Strontites i may be obtained in the 
same way as the nitmtc of Barytes. The^soiu^ 
jMHity of this salt is very considerable: cold 
^ter dissolves ail equal weight of it, but boiling 
im^er takes up twice its own weight. It com- 
municates a deep red flame to boiling Alcohol. 
100 parts have 49 of acid^ 47 Strontites, and 
4 water. 

Nitrate df Lime is plentifully found in the 
mortar of old buildings ; it is embodied in cal- 
careous stones^ and dis^ohted in mineral springs. 
Nitrate of Lime is artiitcialfy prepared by pour- 
ing dilute nitric acM on carbonate of lime : it 
has a sharp and bitter taste, readily deliquesces, 
ahd iff very solUbte inn^to^ When thin salt 
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lias been exposed to the sun for a few fapurs^ it 
gives a phosphorescent appearance in the daxk. 
100 parts contain 43 acid, 3S lime, and 25 water. 

Nitrate of Mdgnciia is likewise found in a 
native state in old walls ; it is very deliquescent, 
has an acrid bitter taste, .and is very soluble in 
water or AlcohoL- : 100 parts contain 96 acid, 
97 magnesia, and 37 water: it is artificially 
prepared by dissolving carbonate of magnesia in 
nitric acid, and then evaporating the solution. 

Nitrate of Alumine is obtained from fresh 
precipitated alumine dissolved ^n nitric acid, 
which chrystaliizes on evaporation. It has an 
astringent taste^ and is deliquescent; 

Nitrate qfGbicine does not chrystalUze, has 
a sweet tast^ absorbs moisture abnndantly, and 
is decomposed without fusion at a. high tem- 
perature. 

Nitrate of Ziri:on is very soluble in water, 
has an astringent taste, and forms a yellow tran* 
sparent mass, which is extremely tenacious, and 
long retains that quality. 

Nitrate of Yttria is obtained by dissolving 
Yttria in nitric acid : it possesses a 
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:as|;ridgent taste; • may be obtained in imperfect 
dicystals, < but 'sooa : becomes >fluid by ^ exposure 
totthe ia:tifao$phere. , i ; ; ?: .. . > * ; ^ • j= » - 

:N iTR I TOEi are formed by depriving, the ni- 
trates of a part of their^ bxygen ; but thero rs 
liothing sufiknently interesting oi" useful dn this 
class of salts .to render it necessary to notice 
:their individual characters iri^tbisiroric -ni \ 

Muriates are Salts formed by the union of 
Muriatic acid with different bases. 



: « • •■■.,•■.. . .\- :: 
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Murmte of "i^otash ^xist%^ in 3, native state. 
It is found in old piaister^ ^a watet^ and 'in 
vegetable and animal fluids. Muriate of Potash 
has a strong bitter taste, and dissolves in 3 times 
its weight of water. In' 100 parts are -30 acid, 
64f alkaliyiand 6 water.^ It^ is^ artificially pro- 
duced by saturating muriatic acid mth carbo- 
nate of potash, and evaporating it to chrystalli- 
zation. 

Hyper-oxygenated Muriate of Potashisioxmtd, 
by bringing the oxygenized muriatic acid gas, 
which has already been described, into union 
with potash. If this gas be introduced to the 
alkali in a proper apparatus, one portion of the 
jgas will yield its OKygen to the other, and the 
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deaxygenized part M?ill' simply form' muriate of 
potash. The cAher portion ef the fg^asi will ilike- 
^ise taiite withithe atkaii; not onlyiwith its own 
axygen,' which wowld form oxygenized iduriatc 
of potash, but also with tiie^ oxygen bf^the fimt 
portion : this double quantity of oxygen will 
form the ^ hyper^oxj^gaiized isaity and < as^ iHese 
cthry^lttts^arc) produced' mtich quioker^ik'tfaetaUciEm 
line solution^thdn thosiitdfitheinurtate of potoul^ 
^e: two salts n^y be easily s^arated: ' ^ 

Hyper-oxygenized muriate of potash contains 
€5 parts In 100 oxygen in 'addition to >the oky- 
geii presumed to ibe' contained in l^e muriatic 
add; the oxygenized acid only. contains tfi'per 
-cent. •' '• ■•■ : ii. V • . • -li]- .-.•.i ■;'[ ' ,t' 
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This salt is decomposed by acids. If a smill 
portion be put in concentrated sulphuric acid, 
an explosion takes pltoe. This experiment can- 
not . be generally recommended to » y Ouiig * stu^- 
dents of chemistry, on abcbunt of 'the dagger 
that attends it ' is r '^ ?; ' 

• ■■ '! "' •.■ ' *•• ?'ij >:n*. r-... 

Heat separates the oxygen of this salt from 
its base ; and this is^ probably the purest state 
itt which oxygen gas can be obtained.' ^ 

: •' . ' ■ •:'.,..'.■ . • . , ■ • i , ■ • » = ■ 

* < Hy^er*oxygenized muriate of potash e^ert^ 
powerful effects on inflammable bodies. 



146 NEUTRAL .SALTS. 

If two grains be rubbed in a mortar with 
about half the quantity of sulphur, it will pro^ 
duce a loud cracking noise : the detonation is 
still strcmgerif it be encldsed in a piece of paper 
and struck upon an anvil. 






V Jjfrsome^of the powdered salt be mixed with 
^Hl;deted'6ugan a dr<^.or ti^^o .of strong sul- 
phuric^ acid will suddenly set f it on fire. The 
same expferiinent succeeds with charcoal or 
camphor. 



! » 



If a pdeoe of pthdsphorus be put at the bottom 
of a; iwine !gla3S of wateiv with a small quantity 
of the salt, on pouring iii' a few drops of sul- 
phuric acid, the phosphorus will continue flash- 
ing light for some time at the bottom of the 

j^aSS* • .• ;• ■ ■'" ••■;.'. 
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If a grain of phosphorus be rubbed in amor- 
tar with two gtains of the salt^ a violent deto- 
naxiotb will immediately take place. This is a 
dangerous experiment, as the ignited phospho- 
rus sometimes flies about the room. 



f.-t' 



^ From the abund^t quantity of oxygen coa<- 
tained in thia^alti it is onfdoyed with more ad- 
vantage than nitre in making gunpowder ; but 
the great difference of price is an impedinient 

^ • r r f ■ ' • 
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to its adoption. There is also greater danger in 
the manufacture of the gunpowder. 

Muriate of Soda, or Common Salt. This is a 
most plentiful production of nature ; it gives 
saltness to the ocean ; it likewise exists most 
abundantly in a solid chrystallized state in many 
parts of the earth, particularly in Poland and 
Hungary. From the immense beds of marine 
shells and madrepores which are constantly 
found in the neighbourhood of salt rocks, it 
seems probable that these saline concretions 
have been produced by the evaporation of sea 
water, under some prodigious convulsion of na- 
ture. 

Salt has a penetrating pleasant taste ; is soluble 
in 2-^ times its weight of cold water, and hot 
water takes up but very little more. In 100 
parts are 43 acid, 46 alkali, and 1 i water. 

When muriate of soda is heated gradually, it 
fuses, and as it cools, forms itself into a solid 
mass; but decrepitates when thrown suddenly 
into the fire, or upon red-hot iron. It is not 
decomposed by combustible bodies, as the oxy- 
gen which it contains, has more affinity for the 
base with which it is united, than for these 
bodies. 



J 
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Carbonate of Potash, decomposes common 
salt. The muriatic acid having greater affinity 
for potash than soda, unites with it, and forms 
muriate of potash; whilst the carbodic'acid 
unites with the soda, and forms carbonate of 
soda. Salt may likewise^ be decomposed by 
nitric acid and oxide of lead. 

Muriate of Awmoma, or Sal AmmomaCy is 
found in a native state in the neighbourhood of 
Volcanos ; but for the general purposes of com- 
merce, it is obtained from soot, bones, horns 
and different apical substances^ m . 

If ammoniacal gas and muriatic acid gas be 
mixed togiether over mercury, they immediately 
form a white cloud which ccmdenses^ into % s0lid 
mass on t^e, ^ides of the Vi^a^ ; this is muriate 
of ammonia :. it has a sharp acid taste, dissolves 
in 3|^ times^ its weight of cold water, a^d IQO 
parts contain 52 acid, 40 ammonia, and 8 water. 

. Muriate of. Ammonia is decomposed by limf; : 
•the muriatic acid 'having more. affinity for th^e 
lime than thf^ammoma, the^ latter is set free in 
a gas^iepui^ state, which has a sharp pungeat 
smell. This salt is like^^ise decomposed by 
iPQtash^ $o4^ Barytes, and Strontites. 



• , ». 
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Muriatt of Barytes is obtained by dissolving 
carbonate of Barytes in muriatic acid : the ni- 
tric and sulphuric acid take it out of combina^- 
tion with the muriatic, partiisularly the • lattet ; 
this makes muriate of Barytes very useful as a 
test in detecting the smallest quantity of sul- 
phuric acid which may exist in water. 

This salt is very poisonous ; it has a bitter and 
nauseous taste^ containing in 100 parts^ 60 Bary- 
tes, 24 acid, and i6 water. 

Muriate of Skroniifes may be obtained by the 
same process as the muriate of Baryteijt: it is 
soluble in 2 parts cold water, and almost to any 
amount in hot : it dissolves in Alcohol, to which 
it gives a red coloured flame. In 100 parts are 
37 Strontites, 24 acid, and 40 water. 

• Muriate of Lime. ■ This salt is produced by 
dissolving carbonate of lime, or common chalk, 
in muriatic acid. It exists in a native state in 
the sea, and in some mineral waters. 100 parts 
of lime will take' up 86 of mariisitic* acid : it is 
very deliquescent ; dissolves in half its weight 
of xxild water, and almost to any extent in hot. 

If a solution of muriate of lime be poured into 
a solution . of potash, they are immediately CQn- 
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verted into a solid mass. When concentrated 
sulphuric acid is poured upon a strong solution 
of this salt) it instantly solidifies, and giv^s out 
an abundant quantity of heat. 

Muriate, like the Nitrate of Lime, commu- 
nicates a red flame to Alcohol. When united 
with light fresh fallen snow, these two masses 
have such disposition to liquify, and so greedily 
absorb caloric, that a diminished temperature 
of more than 40 degrees below the zei'o of 
Fahrenheit's thermometer, may be obtained by 
this means. If quicksilver be put in a thin glass 
tube, it may be frozen and rendered solid at this 
temperature. 

Muriate of Magnesia has an acrid bitter taste ; 
it is found in a native state in sea water, and in 
salt mines. It is soluble in an equal weight of 
wat^r, and is decomposed by heat at high tem- 
peratures. J 00 parts Contain 34 acid, 41 mag- 
nesia, and 05 water. 

Muriate qfAlumine is produced by precipitate 
itfg ^lumine in muriatic acid; it chrystallizes 
with great difficulty, and has a bitter and acrid 
taste. 

Muriute ofGktcmc is hardly cbrystallizabfe^ 
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and has a $weet taste like the other combinar 
Uons of Glucine. 

Muriate of Zircm has a sharp taste, is very 
deliquescent, and js easily decomposed by fire. 

Muriate ofYttria closely resembles the nitrate 
of this earth. 

Carbonates are formed by the union of 
carbonic acid with different bases ; they ^re not 
deliquescent by exposure to the atmosphere, 
and the affinity between the acid and its base 
is so weak as to be easily separated by heat 
only. 

Carbonate of Potash is obtained by introduc- 
ing carbonic acid gas into a solution of this 
alkali, until it is saturated. This, when chrys- 
tallized, forms a salt, containing, in 100 parts, 
33 acid, 70 alkali, and 5 water. 



» . . A . ,* 



Carbonate of Potash is decomposed by lime, 
which unites, with the add, and Iraves the alkali 
in its simple state. \ ' -r 

AUcalis having an affinity. for icarbonic acid, 
easily obtain it from the atmosphere, and thus 
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by an incomplete saturation, form sub*carbo- 
nates. The potash and soda of commerce are 
on this account sub-carbonates. To obtain the 
alkalis in a' pure and caustic state, they are to 
be exposed to a strong heat, which drives off the 
carbonic acid in the state of gas, and the alkali 
must, then be immediately excluded from con- 
tact with atmospheric air. 

As the alkalis of commerce are frequently 
adulterated, the quantity of re^l alkali contained 
in any given weight of potash or soda is known 
by saturating it with sulphuric acid. For exam* 
pie, suppose two alkalis are to be examined of 
equal weight; one takes two ounces of acidjto 
saturate it, and the other three ; the latter con- 
tains more real alkali than the former, in the 
proportion of the additional quantity of acid. 

Carbonate of Soda may be obtained by a similar 
process to that which produces carbonate of 
potash, and exists also in two states, namely, 
the i carbonate and sub-^carbdnate. That which 
k ;commonly sold in the shops is the sub^carbo- 
nate, which' is much more ax^d and caustic 
than the carbonate or saturated salt 100 parts 
of carbonate of sodar. coiltain iSQ > acid; 58' : soda, 
and fiS. water.: '?- .-...': ^hu lij^ii ^i ; ..; ;•.'• 'h^k-: 



Cdrbonatt of Amn^ofiiay or Cqribfete Volatile 
Alkali, is obtained by the union of carbonic acid 
with ammonia. If a vessel filled with carbonic 
acid gas be mixed with a vessel of ammoniacal 
gas, which is the pure state of ammonia, a white 
cloud is instantly produced, and a concrete mass 
is deposited on the sicJes of the glass; this is the 
carbonate of ammonia: or it may be obtained 
by distillation from a mixture of ammonia with' 
carbonate of potash. This salt contains in 100* 
parts, 45 acid, 43 alkali, and 12 water. 

• • • 

The ckrbonate of ammonia is decomposed by 
potash or soda, which takes the acid from the 
ammonia. 

Carbonate of Barytes is a native production, 
and nearly insoluble in water. Barytes has great 
affinity for carbonic acid, and retains it at high 
temperatures. Carbonate of barytes is found in 
white or greyish* white semi-transparent masses, 
which are not aflfected by the atmosphere. Iti; 
is extremely poisonous, and contains in 1 00 parts, 
80 barytes and 20 acid. It is decomposed by 
the sulphuric, nitric^ and muriatic acids. 
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Carbonate ofStrontites is found in a native 
state at Strontian, in Scotland, where it^vas first 
discovered. It very much resembles barytes in 
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its Strong affinity for carbonic acid. It loses a 
part of its acid by heat, and communicates a 
purple flame to coals. Carbonate of strontites 
contains in 100 parts, 30 acid, 62 strontiti 
and 8 water. 



Carbonate of Lime. Common chalk, marbl( 
lime-stone, calcareous spar, or stalactites, are 
formed by the union of carbonic acid with lime 
or calcareous earth. 

Lime has such a strong; affinity for carbonic 
acid that it will take it up from potash or soda. 
Fresh burnt lime imbibes moisture and carbonic 
acid from the atmosphere ; the causticity of the 
lime diminishes, as its union with the carbonic 
acid increases. 

Carbonate of lime is decomposed by the 
stronger acids. If common chalk has dilute 
sulphuric acid pomed upon it, an abundant 
quantity of carbonic acid is instantly liberated. 
This is the usual mode of obtaining carbonic^_ 
acid for chemical expenments> m 

Chalk is properly only a sub-carbonate. When 
the lime is fully saturated, it is then called a 
carbonate. In this state it contains 55 lime, 34 
acid, and 11 water. 






i 
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Carbonate of Magnesia. Magnesia has a very 
weak affinity for carbonic acid, so much so that 
it-will not take it from the atmosphere in any 
materia! quantity. 

Sub-carbonate of magnesia may be saturated 
by keeping it mechanically suspended in water, 
passing carbonic acid at the same time through 
the mixture; when this solution is evaporated, 
it yields small chrystals of carbonate of magne- 
sia. The sub-carbonate contains in 100 parts, 
iJ4 acid, AS earth, and 21 water. The carbo- 
nate, 50 acid, 25 earth, and 25 water. 

Carbonate ofGluc'me is an insipid and insolu- 
ble light white powder, which readily loses its 
carbonic acid by exposure to heat. 

Phosphates. Phosphoric acid unites with 
alkaline and earthy bases, which form phos- 
phates. The phosphoric acid is obtained by the 
union of pho^horus with oxygen during com- 
bustion. 

Phosphites are soluble in the nitric and mu- 
riatic acids, and are precipitated from these 
combinations by lime-water and ammonia. 



L 



As these salts are of little interest or utility 
l2 
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they may be all passed over, saving phosphate 
of soda^ which Dr. Pearson has introduced into 
medicine as a purgative ; its chief value for this 
purpose depends on its insipidity. 

, Phosphate of Lime forms a considerable part 
of bones, and exists in other animal substances. 
It is a white opake mass^ both insipid and inso- 
luble in water. 

Phosphuret of Lime which is obtained by the 
mixture of phosphorus and lime, by the aid 
of heat, is interesting from its power of decom- 
posing water, producing phosphuretted hydro- 
gen gas. If some pieces of fresh phosphuret of 
lime be put into warm water, phosphuretted 
hydrogen gas immediately arises to the top and 
takes fire as soon as it comes in contact with the 
atmosphere. This flashing will continue for a 
considerable time, and as the smoke rises it forms 
dense white rings. The great objection to this 
experiment is the disagreeable smell of the gas. 

Various metals unite with the acids and form 
metallic salts, which will be noticed under the 
heads of the. respective metals, in the following 
part of this workL 



\ >. 
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Metals. 
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THJESE are siniple, heavy, brilliant, and 
opake bodies ; good conductors of electricity, 
and exceed the specific gravity oF water not 
less than 6 times. Some of them possess iiial- 
leability, that is to say, are capable of being 
beaten out ; others ductility, or may be drawn 
into wire, and a few have neither the one pro- 
perty nor the other. 

From recent additions we now reckon twenty- 
eight distinct metals ; these have been variously 
arranged. Dr. Thompson has lately divided 

them into four classes. 

• ' ■ ■ ■ . t 

The first ; those metals that are capable of 
being beaten oiit, and of this description are 
Platinay Goidy Silvery Mercury, Palladium^ 
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Rhodium^ Iridium^ Osmium^ Copper ^ Irony NiektU 
Tiriy Leadj and Zinc. 

The second class consists of thonse that are 
brittle and easily fused, which are Bismuth^ 
Antimony y Tellurium and Arsenic. 

The third consists of metals that are brittle 
and fuseld with ^iffifirify ' ^^ this kind are 
Cobalt yManganese,Chrome, MolybdenayUranium^ 
and Tungsten. 

The fourth cUas is xx>ipppsed of oi^rfaat are 
called refractory onetals, or such as hfuve ^ever 
be^n obtained in their pur^ metallic foni^ imt 
always wmain in combination with oHygeq^ 
forming metallic o^rides : of thi3 description #ne 
Titanium^ Coluvibiumy Tantaliunij ^nd Ceri^m. 

r 

The capability of uniting ^th oxygen be- 
longs generally to all metals, although the com- 
binationS and results, with rditflfereot m^als, vary 
considerably. 

Manganese and arsenic will oxy^tfi i^ ^nii:0 
with oxygen by mere exposure to the atmos- 
phere at a comnK>n temperature j ai)d iron, 
zinc, copper^ tin, and lead disposaess the 
atmosphere of its oxygen wijen tbey axct^c^* 



siflerably heated; but there are'' ollhermetats, 
such as platina, gold, and silver that will ndt 
oxidize with the most violent heat, although 
small portions of these metals, in the form of 
wire or leaf, will oxidize by common electricity, 
and with still greater facility, by means of the 
voltaic trough. 

There are some metals which are oxydized by 
the decomposition of water. The oxygen of 
the water being taken from its combination 
with the hydrogen. The red rust on iron ex- 
posed to damp, is formed in this manner : When 
red-hot iron is immersed in water, the latter is 
instantly decomposed, and the weight of the 
iron is increased by the weight of the oxygen 
taken up. 

Iron oxidizes very rapidly in oxygen gas, and 
bums with great brilliancy. The weight of the 
oxide, or cinder, will be found to be lieavicr 
than the wire which is burnt by the weight of 
the oxygen which has been consumed. 



All metals are capable of oxidizement in acids. 
Those that will not take up oxygen from air or 
water by the influence of heat, oxidate in par- 
ticular acids. Gold will not dissolve in nitric 
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or muriatic acid alone, yet it yields to a com- 
pound of these acids. 

Oxidized metals hold their oxygen with dif- 
ferent degrees of affinity. Some metals give 
back their oxygen by heat only ; others require 
the addition of a third body. Charcoal,, for 
instance, is employed in the deoxydation of 
iron. .Under the influence of heat, the ojj^ygen 
of the iron unites with ttie charcoal, and forms 
carbonic acid; during which, the; iron, is restored 
to its metallic state. This operation is termed 
the reduction or reyival of a metal, 

■ ■ - - ■• ■■■!■• ■ ■ • ■ ; • t . 

. Metals' which are dissolved in acids, are re- 
vived by alkalis. ; Iron combines with sulphuric 
acid, and forms a salt, called sulphate of iron. 
The iron is obtained from this combination by 
pouring a solution of alkali into a solution of 
the salt, which precipitates themiptal. In some 
cases one metal will revive another. If a piece 
of iron be put into a solution of nitrate or sul- 
phate of copper, the copper is precipitated, and 
forms a coating upon the iron. 

Metals are found in three different states, 
either pure or oxygenized, or combined with 
sulphur or arsenic. The state of oxide is the 
most usual. 



. The metal is taken out of its combination 
with arsenic;Or sulphur, by what is called roast- 

. ing, that is, expp$ing the mass, to a low. red 
heat. 

' • ..■-■» 

Tlie oxides of metals are reduced by submit- 
;ting them toa strong^he^ with charcoal, or 
some other subst^^nce that ha^ a stronger affinity 
for oxygen, than the metal with which it is 
cpmbined. . . 

Fluxes, or substances^ which readily run 19 to 

fusion; ar&used to. unite the parts of metals into 

a solid ma$9. Two parts of tarter a^d one of 

i^itre, . form what is called . the . black flux, and 

.^ual parts, the white flux. 

• » ■ ■ 

When sulphur is found united with ; metals, 
they are called pyrites, or metallic sulphurets. 
Iron pyrites, or sulphuret of iron, is tjieiifiost 
common. 

Many of the metals mix with quo another? 
and form alloys. 

Metals have an affinity for phosphorus, sa^ii 
combine with it, forming phosphurets. Irpn 
combines with carbon, and forms a [carburet of 
iron. All metals, except gold, combine with 



r 

sulphur, iLiid fortn sidpliurets. Soiaxt bf the 
oxides of metals 'Will combiue with sulphuretted 
tiydrogeu, and form hydro-sulphuretted oxides. 

Platinah imported into this country in small 
grains, which are nearly of the colour of tin ; 
tiie$e grains are tolerably pure. They are hrought 
^frotti Peru, and are found amottgst gold ore. 

Platina is exceedingly difficult to fuse, h'ut 
will yield to the blow pipe when it is supplied 
^li^fh oxygen gias. It is SS times heavier than 
^Muter, cottsetjuenHly iHae heavieirt body known. 
goM, w^h tanks next, is only 16 times the 
iMigltt'tff tlMfr fluid. Vrom the ^eat infusibi- 
lity of platina, it is used with much convemende 
in forming crucibles and other chemical uten* 
sih llfet are to ^be exposed to a Tiolent heat 

■ • b • < « ... 

i * 

Diffibirent itieeals ^ondubt faeat wff h ^fifhtbt 
degrees of facility. Platina is a bad cotaductdr 
of heat when compared with some other metals. 
Dn WolkiM;dn coatied thf^ Tbds^ith wax ; one 
of silver, a second of copper, aiid the third t)ff 
platina; the end of each was equally heated, 
V^, in «b^ ^ttie time, tJMs Mhtx ^d^as melted 3^ 
4nikhes «p'llie;silyiBr «od, Sf up the cbpjper, ^nd 
wity I inehi^ £h6 platina rod. 



t. ' 
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Platina vill wdd, that is, die tiro ends df ist 
rod, or^bar, maybe united by beat and ham- 
mering, wliich 18 a property nhat only belongs 
to this metal and iron. 

Nkro*muriatie acid and oxygenated muriatit 
acid will dissolve fdatina, as well as gold. A 
^saturated solution of piktina in Bitre-muriatic 
acid is of a dark red colour: the metal is preci- 
pitated from i?his solution by muriate of am- 
monia. 

As the muriate of ammonia will not precipi- 
tafte gold >fr6m its solution in these acids, a mix- 
ture or an alloy of gold and platina may be se- 
pamted by diss^olviog it in cither of the precede- 
mg acids, at>d a^rward^ precipitating the 
platina by the muriate of ammonia. Platimi 
unites generally with the other metals. 

A solution of tin is a good tisst t)f platiiia; If 
thCTe %c the smafllest portion ttf the latter met^ 
in solution, a drop of the solution of tin dteitects 
it, by giving a brij^ht red ccfcrtirto <hc fluid. 

• - f 

Gold is the most ductik and malKalfle t)f JatH 
the metals. One grain of gold may be beaten 
out into a surface of S6 square ini^rei'; and an 
ounce of gcfld would ma&De upwardii of !200M 



164 METALS. 

miles in length of gold wire. Its specific gravity 
is 18. It exists in a variety of bodies, and it is 
even stated to have been found in vegetables. 

Great quantities of gold are brought to this 
country from the Spanish mines, in South 
America. It has formerly been found in Scotland, 
and coined at the Scottish mint Recently a 
coi;i3id^rable quantity has been found amongst 
the Wicklow Mountains, in Ireland, and some 
lumps have been obtained of considerable size, 
perfectly pure. 

I ■ ' 

I 

„ Gold, like platina, is not oxydated by expo- 
sure to the atmosphere, nor is it diasplyed in 
apy other than the nitrp-^muriatic, or oxyge- 
jQiated muriatia acid. This solution of gold 
.yields yellow chrystals, which area true muriate 
of gold. : : 

V Gold i? precipitated from its solution by tin. 
If a plate of tin be immersed in a nitro-muriatic 
solution of gold, the.oxi^i^ of gold forms on its 
surface ar beautiful purple colour. This is th^ 
purple precipitate of Cassius, which is a valuable 
colour used by enamellers. 

r 
ft \ ■ ...... 

,. Alkaline sfflphurets unite with gold, both in 
^thiedry and^liuj^id way. M<^y amusing experi- 
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ments have been produced from the. revivifica- 
tion of gold out of these combinations. 

The ammoniacal oxide, or fulminating gold, is 
obtained from a solution of gold in nitro- 
muriatic acid, to which ammonia has been added. 
This produices a precipitate that weighs about a 
fourth more thatt the gold that was dissolved, 
which must be carefully washed and dryed 
on paper. 

This oxide explodes with considerable vio- 
lence, either by heat, pressure, or percussion. 
If a grain be exposed to a candle, on a knife 
point, it produces a loud detonation. 

r 

I 

The explosion seems to arise from the decom- 
position of the ammonia, the hydrogen of 
which, united >vith the oxygen of the gold, 
condenses and forms water, restoring the gold 
to its metallic state, and setting free the nitro- 



gen. 



Silver is vei^y malleable and ductile, but n6t 
SO! much so as gold. It is of a bright white 
when pure, and is about 10|- times heavier than 
water. It does not oxydate by exposure to the 
atmosphere, but frequently obtains a bluish or 



blackish appearance fiom its re»dy union mtii 
sulphur. 

Silver will not 03t|^date in an ordinary degree 
of temperature. When exftosed to violelit heat 
it is oonyerted into a vitridus oxide ofantolive 
g^een^ colourw During: the time that aiWer hi- 
exposed tq an intense heat^ it r^iQctSi the light 
so briUianlly thajt it.seems>to eorruseate; 

Silver dissolves both in the sulphuric and 
nitric acid; more particularly^ the latter; and 
when the silver is pure> the fluid isr colourless^ 

Muriatic acid^ will not act on silver alone^ 
although it will take it out of its combination 
with the other aoids, 

M^n silver is^ dissolved in nitric acid it 
chrystaliizes. These chr]^taU> being collected^, 
heated, and ppured into^ moulds, fonn^ lunar 
caustic. 

If a layeft of dry^nitraitfe ofi silyer he liud u{Mn 
a cpiece of hu^iiig cb^coal, it! throws out beauf 
tifuli scifitiUaitianiSi IfBavisig) ir plate ■ of revireii; 
silver. u^n»it>( u 



*-. ■ * 



Nitrate of silver is precipitated or thrown 



out of its combination by the alkalis. Copper 
precipitates silver from its solution in nitric 
acid. Nitrate of silver stains hair and other 
animal substances black. From this peculiar 
property it has been used, but without much 
success, in turning red or white hair black, or 
of a dark brown colour ; but when applied to 
the hair on the head, it not only stains the hair, 
but the skin likewise, which produces a very 
unpleasant appearance; and as the stain is only 
superficial, the white hair soon springs up again, 
which produces a singular effect, one part being 
white, the other brown. 

I In some instances this experiment has been 
more effectual, but not more fortunate ; for by 
applying the acid too strong, the hair and skin 
have been both burnt off together ; yet there 
are Quacks nefarious enough to recommend 
this application, and I am sorry to add, some 
persons weak enougli to he duped by them. 

Silver unites with most of the metals. If 
[ quicksilver be poured into a bottle containing 
[ Bitrate of silver, and be left undisturbed for 
I some time, the silver will precipitate in an ar- 
i borescent form, shooting in all directions, like 
f the branches of a tree, from which it has been 
L called aihcv dianse. 
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When silver has been precipitated from its 
solution in nitric acid, ,and the powder washed 
and dried, on putting it mto liquid ammonia, 
it' obtains a black appearance. If the ammonia 
be poured oflp, and the powder again dried, it 
fortns the most violent of detonating substances^ 
and is called fulminating silver. The greatest 
caution should be emplojred in using it, as it 
explodes by the slightest friction or pressure ; 
so. that it is even unsafe to pour it from the paper 
on which it has been dried into a bottle. Only 
very competent Chymists should attempt to 
prepare this powder. 

The iprinciple on which fulminating silver ex- 
plodes is the same as that which has already 
been explained when treating of fuhninating 
gold. 

Mercury, or QuichsHver^ is 15\ times heavier 
than water, and 'assumes a gasseous state at 600 
degrees of Fahrenheit's. It becomes solid and 
malleable at 40 degrees below zero. That mer- 
cury might be frozen or rendered solid by the ab- 
straction of its caloric^ wks first discovered by the 
Rusisiin Academy, previous to which time it was 
generafly considered to be a permanently fluid 
mets^f; as it wasr supposed toi^emarn always fluid 
under the temperature of theatmosplhere; but 



I 
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it is now known that in Kamschatka and other 
high latitudes, at particular seasoos, the excess 
of cold is sufficient to freeze mercury in the 
open air. 

The readiest artificial means of freezing mer- 
cury, is to introduce a small portion of quick- 
silver in a thin glass tube, into a mixture of 
muriate of lime and fresh fallen snow, which 
produces a temperature 40 degrees below zero, 
or 72 degrees below the freezing point of Avater, 
which, if the experiment be nicely conducted 
so as to exclude any accession of lieat from sur- 
rounding bodies, will be just adequate to the 
effect. 

Mercury dissolves in sulphuric and nitric 
acids. When nitrate of mercury is evaporated 
to dryness, it fonus red precipitate, or the red 
oxide of mercury. 



Muriatic acid will not dissolve mercury alone, 
although it combines with it by double chemi- 
cal affinity. If sulphate of mercury be formed 
by dissolving it in sulphuric acid, on mixing it 

I with common salt or muriate of soda, the quick- 
silver will unite with the muriatic acid of the 
salt, and form muriate of quicksilver, and the 
loda wiU combine with the sulphuric acid, 



*v ;•. 



JtO 



fet}ni*g siitf>fa4te of soda, 6r Giaober'^ salt 
^ttriata of mercery is calted corrosive stibli*- 
WAtei If mom tnercury be added,* so as to di- 
minish the oxygenation, it is then called sub- 
muriate of mercury, or calomeL 

' The abides of :mercttry may be reduced, or 
the metal revir^d; by he^t osily, fvrhich liberates 
the oxyg^ti) and fordis pum oxygen gas. 

Mercury unites with sol^faQr, and foims two 
<distiii€teompouiid8{ onecaltedredsulphuretted 
i^mtdt of mercttry, or cinnabar, of ^nhgch ver- 
tiiflHon is made : the other, black sulphuretted 
oxide of mercury, which is called iEthiop'6 mi*- 
neral. 

Me^outy tinites with gold^ alver, tin, tead^ 
ft^id Moist othefr of the metals, forming with 
them a paste, or amalgam. If an amalgam of 
lead and bismuth be mixed or rubbed toge- 
€t^y vhey pMses^ the remsirloabte property of 
b^fMiniiig^ ^uid, FromittisMnigdisposrtionto 
kttmlgamaite with goid uafdi ailirer, mercury is 
4isiMft rn t^orking the ^<4i4Md latrer mines in 



) : 



- : ^ frlii^'^anhy ttaw «ontainng 

i^ 4ftt]MMd^ tnJMd with qpucksiliier, «nd% 
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this method the two metak excIusiTOly combihe ; 
the heterogeneous earthy matter fe then washed 
away by placing it in a current of water, which 
drives off the lighter bodies leaving the amal- 
gdm of gold and mercury behind : These are 
separated by exposing the cQ^pound to an ar- 
dent heat, which volatilizes the quicksilver, 
leaving the -gold pure; The mercurial vapour 
is collected Md condensed in a proper receiver, 
and again rendered useful for a similar process. 

Fulminating 'quicksihrer is obtaiiied by dis* 
solving .the metal, by the aid of heat, in nitric 
acid ;> viksa cbldv tbe aolntioa' nalist be mixed 
with alcohol^ and heat igasn apiplied^ which 
precipikatCB a wihiti»h powder.: . This powder, 
whda carefully it^^ed and dried, readily ex* 
plodeS) eithar by heat orfrictkmJ If a grain or 
two be twisted up in a piece of paper, and 
stniok by fthanuner on an an^il, it produces a 
loud detotiatioo. If a small quantity be thrown 
into fitrooi^ sulplnudG acid, it likewise escplodes, 
but this experhoBfiiii is vfcry dangerous. 

■ ^ 

FaUaiium, - Rhoihmi^ IrhSam^ and Oswiuani 
The <Mre ofplatinb haS^mm ftviiit in new metals^ 
The two first "wwt discovered by Dr. WoUastoQ, 
and iSoQ oliher: two by Ur* Tenoant. After a 
labofioas prooMs^ f4rgwins«£<a. fabck po^dex, 
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called Rhodium, were obtained from 4000 grains 

of the ore of platina. 

'■ ■■ • ^ ' ■ ■ ' " . ' 

Palladium is of a duller white than platina. 
It is both malleable and ductile, and is obtained 
in greater quan|i4ty Jtba!n rhodium. 






: Iridium is of a white colour, and is perfectly 
infusible by any means yet known. 

Osmium is of a dark grey, or blue colour, and 
readily unites with mercury. 



• ; 



, These metals,: as well as some others that have 
been lately discovered, are interesting, and wor- 
thy of investigatiouitt a scientific point of view; 
but it does not seem probable at present that 
they i will ever be rendered generally useful. 

. ^<^j)erqS'malleabieand ductilct and is about 
8|: times lieavier than water.: When it is heated 
in eoki;tact with :the. atmosphere, 'its surface be- 
comes oxydizcd, and in a violent iState of igni- 
tion it burns with a green flame. Oxides of 
copper are: reduocid \by .Mrbon' and hydrogen, 
which take, up the bxygen^ «nd restore them to 
tl<»e: metallic ^itatfe.s Copper doe& not act upoii 
water. If waten bd poured through a Seated ttibe 
of coppery tiidreHiff ao decctalposition efiected; 
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Copper is readily decomposed by the ixitHc 
and acetic acids; but the muriatic and sul^ 
phuric acid must be in a boiling state to dis- 
solve it. 

When copper is dissolvledia nitrous acid, it 
gives out an abundant quantity of nitrous gas^ 
and a blue solutionis produced which chtystpl* 
lizes and forms a metallic salt, called nitrate of 
copper. 

The solution of copper in muriatic acid pro- 
duces chrystals of a grass-green colour, called 
muriate of copper. 

When dissolved in sulphuric acid and chrystal- 
lized, blue vitriol or sulphate of copper, is 
formed 

Copper easily unites with sulphur and forms 
a sulphuret ; during the formation of this mass, 
a phosphorescent light is given out 

« 

Acetate of copper or verdigris, is produced 
]by the combination of the acetic acid with 
copper, either by corroding the surface, of a 
plate of copper with vinegar, or more readily 
by dissolving an oxide of copper in it 



• • •■ > i t 
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Tin has such affinity for oxides of peffper, 
tbat if a moistened nitrate be twisted up in tm 
foil, it will take fire and burn with a green ligltt* 

A few drops of ammonia poured into a weak 
solution of acetate, nitrate^ or sulphate of eop- 
per^ will produce a beaiitiiui blue colour, wbieli 
may be instantly d«rtroyed- by adding a £e«r 
drops of dilttte acid. 

As copper is very poisonous when it is received 
into the stomach, amipoma becomes hig^ily 
useful as a test to ^centajn the presence of d4s«* 
solved copper. The beautife} gfeen colour 
which pickles frequently possess, is derived from 
a isolotiou ^of <xipper, ei thjsr by boiling the vinegar 
in a eopper vessd ppefirious to its being poured 
on the vegetable, or by actually introducing a 
piece of copper into a tinned vessel. The cop- 
f)ep is rapt^ detected by piouriaig in ^ small 
quantity ofammoiiia, which iviU give the whole 
a blue colour, and llits av^y be again eHanged 
by a few drops of dilute sulphuric acid. 



\'. ' 



Irm is not only one af the most iiseful tnetais^ 
but it is likewise tke moA p^nti&Uy difiPiiped 
by natufpe. It exists m the animal and vegetair 
ble^ as weffl as in; thft niacnii kingdom. It k 

hard^ elastic, duqtile^ weldable, and malleable, 
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having a specific gravity of about 7^. It very 
readily combines with oxygen, and decomposes 
air and water. 

The oxides of iron have tliffeient colours ac- 
cording to the degree of oxydation. An in- 
ferior quantity of oxygen produces a dark or 
black colour. A greater quantity gives a brown. 
and a full state of oxydation has a red appear- 
ance. 

Iron readily unites with carbon, and forms 
carburet of iron. It will likewise unite with 
carbonic acid, forming carbonated oxide of 
iron. 



Steel is produced by the combination of iron 
and carbon. The diamond, which is pure car- 
bon, has been dissolved and united with soft 
iron, converting it into steel by carbonisation. 
The common mode of making steel is to sur- 
round bars of iron with charcoal in close vessels 
and expose them to a white heat, which pro- 
duces a union between the iron and carbon. 

Iron is acted upon by tiie generality of acids. 
If dilute sulphuric acid be poured upon iron, 
the metftl is first oxidized by the deconiposi- 
ixQji of tbe water, and the oyide is then dissolved 
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by the acid, which forms green chrystals, called 
sulphate of iron, or green vitriol. 

When an infusion of nut-galls is mixed with 
a solution of sulphate of iron it produces com- 
mon ink. This combination is obtained by the 
affinity of the gallic acid for the oxide of iron. 
Gum is added to the ink to keep the colour 
from precipitating, and a little spirit to preserve 
it from moulding and freezing. 

A sympathetic ink is produced by writing 
with a solution of sulphate of iron, and when 
quite dry, washing it over with tincture of galls. 

Common ink is decomposed by most of the 
acids. It is oh this account that ; vegetable 
acids are employed in removing ink stains from 
linen. Dilute sulphuric acid> will decompose 
the. ink with morei facility ; -but without great 
tare the fabric of the linen' may ibe- easily de- 
stroyed. The best and safest >fluid for remov* 
ing stains of ink, wine, or ^regetable juices, is 
the oxygenated muriatic acid^ ^1 

The decomposition' of ink produces an amus- 
ing chemical experinient If an infusion of 
galls be poured into! a solution of sulphate^df 
iron, or green vitriol^ it ^iiistaiitlyprodwdc^^iiik; 



but on adding a few drops of dilute sulphi 
acid, it immediately becomes colourless. This 
decomposition arises from the superior affinity 
of the iron for the sulphuric acid, which takes 
it out of its combination with the gallic acid. 



I 
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"Writing is instantly effaced by washing it 
with dilute sulphuric acid, and without injury 
to the paper, if the acid be sufficiently diluted. 

If a solution of prussiate of potash be mixed 
with a solution of sulphate of iron, a beautiful 
greenish blue precipitate is produced, which 
forms a good writing ink. Prussiate of potash 
is obtained by the combination of the prussic 
acid with potash, and prussic acid is formed by 
the decomposition of animal substances in a 
high temperature ; particularly from blood and 
the horns and hoofs of animals. 

If characters be written with prussiate of 
potash and washed with a solution of sulphate 
of iron, they immediately become visible, and 
of a blue colour. 

Muriate of cobalt forms the most convenient 
sympathetic ink. When words are written with 
this fluid they are totally invisible, but appear 
of a beautiful green colour when they are 



prea^nted to the fire. This eolour 4i94ppf)^9 ky 
hre&thi^g on the pw^v, or «ven hy tfe^ ihwrp- 
tion of moisture fro^^he atmosphere, Wt i* re^ 
l>roduced ^ soon a^ Ithe paper \$ presented egaia 
to the fire. 

Iron unites readily with sulphur, and forms 
ijulphprat of iron. If a p^^te be mi^de of sul- 
phur 4nd iron filings, moistened with water^ on 
burying it in the ground, it soon begins to smoke 

B,nd expand, ^nd n$ it forces its way to the sur- 
fy^ei, bursts into a flame* This ha* been called 
an artificial volcano. 

Plumbago, Of bl«,<ik lead, is* carburet of iron, 
It i» of ft btecki«b Wue«ol0ttr, and isinde^truqt- 
»ble by heat without the admisaion e^f air. Pl um^ 
hagodiMolves in o^ygeniwd murialic acid, but 
the other acids have very UttJe ^ffeet upon it. 

Niekel ia « silvery white malleable metal, 
9 tkm^ the weight of w^^tffr It doe* not o^idiise 
by e^^po^ure to the atmosphere, It unitea with 

sulphur, but does not amalgamate wHh mercury. 
The nitric and nitro-muriatic acids dissolve it, 

mi it U precipitated bif the; ali^alia. 
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jeceire a magnetic influeuce by beingtreated in 
the usual mode ; but this is supposed to proceed 
from the iron ivith which the metal is almost in- 
separably united. 

Tin is one of the lightest metals ; its specific 
gravity being very little more than 7- it is 
very soft and ductile, and expands more than 
any other metal by heat. 

Tin melts at a temperature of 410 degrees, 
and during its fusion the surface is soon covered 
with a grey oxide, which becomes white by ex- 
posure to the atmosphere. This is called Putty, 
and is used for polishing hard bodies. It is 
likewise mixed with glass to make white enamel. 

What is usually called tin, is sheet iron co- 
vered with tin. ■I'- 

Mercury unites with tin. This forms the 
amalgam used for coating looking glasses. 

The sulphuric, muriatic, and nitric acids dis- 
solve tin ; particularly the latter, which acts 
upon it with great violence. 

A combination of tin and sulphur has a bright 
yellov colour, and is oaUed aurum musivum. 
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If tin be heated with oxygenated muriate of 
potash, it produqes an explosion. It likewise 
detonates when it is mixed with this salt and 
struck upon an anvil. Tin filings take fire when 
they are thrown into oxygenated muriatic acid 
gas. 

Bronze and bell-metal are formed by the union 
of tin and copper, which is rendered more so- 
norous by the addition of a little iron. Tin is 
likewise used with other metals in forming spe- 
cula for reflecting telescopes. 

If; a compound be formed of three parts tiujj 
five bismuth, [and two lead, it will melt in! boil- 
ing wfttej.. . . 

-oTi» is;emJ)ilQyed with zinc in forming an 
amalgam with mercury for exciting electrical 
machines. The proportion is generally one part 
titk, oncizinc^iand two meilcury, which are uiiited 
in a crucible by. a gentle beat. 

•V When tin ii;s| mixed. with lead and antimony it 
form^ i pewter. > It Avill, likjQwis^ unite with, the 
surfaces of iron and c0[^er. 

: : I iMd. is a y^eiy; inelasUc ; i>Ddy, less . tenacious 
f^ud ^siQAOToua it^HAy iQtb^im€t^,L < Ita speciiSc 



I 
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gravity is about I];^, and it melts at a tem- 
perature of 540 degrees. In the first state of 
fusion it becomes covered with an imperfect 
oxide of a grey colour. As the heat increases 
the oxidatioD augments, until the surface be- 
comes covered with a yellow mass, called Mas- 
sicot. When this is cooled and freed from lead 
that is not oxidized, it is ground and again ex- 
posed to a moderate heat, which completes the 
Oxygenation, and forms red lead. 

Litharge is obtained by exposing fused lead 
to a violent degree of heat. 

All these oxides of lead give back their oxy- 
gen by heat. If a small quantity of red lead be 
laid upon a piece of lighted charcoal, by the 
aid of the blow pipe, the oxygen will be driven 
off, and the lead revived. Or the metal may be 
obtained by heating it in a crucible with char- 
coal. 

Lead, like copper, is very poisonous when it 
is received into the stomach ; and although 
water will not combine with pure lead, yet it 
will dissolve a small portion of its oxide. It is 
on this account that water which has stood for 
some time in a leaden cistern cannot be consi- 
dered, healthful, particularly when it receives 
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spring water, as the acids contained in it, unite 
with the surface of the lead, and form an oxide ; 
this being dissolved^ is diffused throo^oat the 
whale fluid. 

The oxide of tead decon^oses common salt« 
The muriatic add unites with the oxide and 
leaves the soda. 

All the acids combine with lead and its oxides. 
The acetous acid, or common vinegar, corrodes 
lead, and forms an imperfect oxide on its sur* 
face, which is called whttd lead. When this is 
dissolved in vinegar and chrystallized, it forms 
the acetate or sugar of lead. The oxides of 
lead are indispensable iii glass making, fbr ren** 
dering it more transparemt and less brittle. The 
oxides of liead boiled vnth oils harden them an^ 
make tiiem dry much sooner. ^ 

' 'i ) . •■ . . : • . . • • 

The acetate of lead is sometimes employed to 
soften the taste and alter the appearance of new 
wine. This practice is higMy peniicioiis^ and 
deserves theMseverest feprobatioA. The adul* 
teration may be discovered in the foUowittg 
manners " 

Eqaal parts of c^^ster shdband crude snlpfaor 



and when coid^ this mads is to be mixed with an 
equal quantity of acidulous tartrite of potash, 
and boiled in a glass vessel/for aft hour; after 
which it is to be decanted and put into ounce 
bottle^ w^ll corked) for use. When this fluid 
is poured into wine that contains the le&s( por*^ 
tion of the acetftte of lead, it precipitates the 
metal in the fonh of a iftvetalli^^ dark i^olobr^d 
8ediine]lt« 

Characters written with a solution of acetate 
of lead, become visible by €x posing iherii to 
anlphui^tted hydrogen ga»> 'which discomposes 
the oxide. . = i • , ,= 

» 

Zinchaa a white appearance, sometiii»g be- 
tw>een . that of lead and . sil v^er. Its specifl c grja^ 
vity is rather more than 7. When zinc is in the 
first state of fusion it is covered with a grey 
oxide, butvbcii itis steongly heated it inflates 
and^subtiines into vA^t fiocks, fovmkig tEt e&Oi^ 
plete OKi^ 



\ / 



fwm the g»at aliiaity of fenc fbr ^oitygen it 
decomposes water «veii at tbe tisfiiiperattui^ of 
the atmosphere ; but when heated the decom- 
positioii is jnodi morenipid. 

* * 

If Ted precipitate (the red oxide of mercury,) 
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be heated with filings of zinc, it inflames, from 
the rapidiiy \vith which the oxygen is obtained 
from the mercury by the zinc. 

Zinc decomposes acids; when introduced 
into concentrated nitric acid, nitrous gas is given 
out If the acid: be diluted it produjces nitrous 
oxide, which; is a state of inferior oxydation. 
Dilute sulphuric or muriatic acid acting on 
this metal evolves hydrogen from the water. 

When zinc is dissolved in pure sulphuric acid, 
it^ihoots i)i to Tegular chrystals, called sulphate 
of zinc, or white vitriol. 

Zinc boiled with the alkalis is partially acted 
upon by tl^^m, and the product is of a yellow 
colour.; ! . . 

Zinc detonates with nitrate of potash. When 
three parts nitrate of potaiah and one of zinc are 
set on fire, they burn with great splendour, and 
throw out beautiful sparks, which burst as they 
are projected ; this compound is much employ ed ' 
in making artificial fire-rworks. 



■ I 



Zinc united with liopper^ forms brassi with tin 
and copper, bronze. 

■ ■ « • ' ^ ; I , ■• • ' ' i • / 1 ' ■ . .'if. ■ i ' ■' i' ■ i ' " ' ■ 
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Lead is thrown out of its combination with 
the acids by zinc. If a piece of zinc be suspended 
in a solution of acetate of lead, the lead will 
unite with the zinc, and form beautiful chrys- 
tallized ramifications, which have an arborescent 
appearance. 

Bismuth is a very fusible, brittle, white metal, 
having a specific gravity, 10 times greater than 
water. It does not oxydate by mere exposure 
to the atmosphere. When it is placed in a mo- 
jderate heat the surface is covered with a grey 
,oxide ; but in a red heat it burns with a blue 
flame, and sublimes into yellowish smoke which 
is condensible, and forms a. true oxide of bis- 
muth : this is very fusible, and may be con- 
verted into a yellow transparent glass, by heat. 

Bismuth not having great affinity for oxygen, 
does not decompose water. It combines with 
sulphur by fusion, and forms a sulphuret. 

The acids act upon this metal and produce 
sulphate, muriate^ and nitrate of bismuth. 

Characters written with a solution of bismuth 
in acetic acid, become blackened and legible by 
exposing them to sulphuretted hydrogen gas. 
Bismuth precipitated from its solution^ has been 
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used as a white paint ; but this soon loses its 
colour from the action of sulphuretted hydro- 
gen. It combines with gold, silver, cot)per, and 
tin, and forms an amalgam with mercury. 

Antimony is combined with sulphur in its na- 
tive state: when separated, it forms a silvery, 
white brittle metal, of scaly texture, with a speci- 
fic gravity of about 7. 

The ordinary state of the atmosphere produces 
very little effect upon the surface of this metal ; 
but when it is fused it emits white condensible 
fumes, which are a true oxide, and were for- 
merly called flowers of antimony. 

When, copper, tin, silver, or iron, are fused 
with the native sulphuret of antimony, the sul- 
phur is driven off, and the antimony combines 
with the metals. 

^ Alkalis combine with the sulphuret, and form 
^Ik^litie sulphurets, or liver of antimony. Almost 
all the acids dissolve tod combine with this 
metal. The nitric acid acts most violently 
upon it. The nitro-muriatic readily separates 
it froth its original combination with sulphur. 

Dr. l^arsWi concludes that Dr. James's 
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celebrated powder is formed of phosphoric acid^ 
and a double basis of lime and anUmony. 

The acid ^ tartar forma with the grey oxide 
of ^timpnyi the antimoniated tartrite of potash, 
well Mown hy the imm^ of emetic tartar. 

The wbke o^ide of atitimony c(H»bilied with 
the white oxide of lead and imiriats of ammo* 
ttia^ in ^ red heat, forms the brilliant pigment, 
eaiUe^ N^le» yellow. 

Tellurium is of recent discovery, and is found 
in 309ie 0ies o# gold : i£ readily combines with 
6iilphw and quicki^ver, add has a greyish 
appe^ance, possessing considerable metaUic 
splendonn Its speciiic gravity is not Diore 
than 6 times that of water. Tellurium is yery 
brittle, and fusible afi a low temperature. It is 
neither very ductile nor malleable, and when 
o:^idi^ed by heat, burns with a blue flami^. The 
citric and nitro*muriatic acids dissolve it, and 
it is readily precipitated j&om its solution by 
W£|ter^ which throws it down in a wlmte powder. 
Zinc, tifi, OF icoqi will Ukewise take it out of its 
combination with adds; 

The oxides of this metal are easily rfidttced by 

n2 
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exposing tliem to an inferior temperature upon 
a piece of charcoal. 

Arsenic is found united with various oresj and 
is separated from them by calcination and sub- 
limation ^ it then foims an oxide of arsenic, or 
arsenious acid, which is the white powder sold 
under the name of arsenic. This powder is de- 
oxygenated by mixing it with black flux, and 
exposing it to a strong heat in a crucible. The 
imetal which is thus obtained soon loses its me- 
tallic brilliancy and becomes oxydated by mere 
exposure to the atmosphere. The metal is easily 
fused, and is volatilized at 356 degrees of 
Fahrenheit. It burns with a blue flame and 
white smoke ; and what most particularly charac- 
terises this deadly poison, is the very acrid taste 
and strong smell, like garlic, which it prodiites 
whfen thrown on red hot iron. 

Arsenic inflames in oxygenated muriatic acid. 
Mixed with oxygenated muriate of potash, it 
produces a detonating powder, which is much 
more rapid in its eflects than gunpowder. The 
tnixture requires considerable precaution ; for if 
too much friction be employdd'the compound 
will take fire and explode. If a long train be 
formed of this powder, on igniting it at one end. 
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the flash spreads almost instantaneously to the 
other extremity. 

Cobalt in its pure metallic state is white, re- 
flecting rather a pinkish appearance. In its na- 
tive state it exists in combination with arsenic, 
and when it is roasted in proper furnaces the 
arsenic is driven off, and what remains is called 
zaifre. By fusing the zafTre with black flux, . the 
cobalt is obtained in its metallic state, which 
has a specific gravity of about 7^. If zafFre be 
fused with sand and potash, it forms a hard blue 
transparent mass, called smalt. This is pounded 
and sifted to mix with glass to give the latter a 
blue colour. 

sCobalt tarnishes by jcxposure to the air, but 
itoes not unite with the oxygen of the atmos- 
phere. When it is intensely heated, it burns 
with a red flame, and the oxide is of a dark blue 
colour. 

It dissolves in nitric and muriatic acids ; in 
the latter it forms a curious sympathetic ink. 
When characters are written with this fluid they 
are totally invisible, but if the paper be held to 
the fire they instantly appear of a beautiful 
green colour, and again become invisible by the 
absorption of moisture from the breath or at- 



*»!i. 
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tobsphef 6. These characters will re-appttir when- 
ever the paper is presented again to the fire. 

Mang(in€86 is a metallic bitide, which is very 
plentifully diffused. It has different ap^rances 
according to its degreed of oxydatidli. That 
which is ittipirffecfly oxygctiAted has k blackish 
brown colour j but wheii the oxidft Is cottiplete 
it becoines bf a shining black. Frott the great 
af&nity of ihanganese for oxygen, it h6lds it so 
redundantly that oxygen gas may be obtained 
from it at a low heat ; but to free the metal to- 
tally from iti combination with oxygen, it re- 
quires the highest temperature that can be pro- 
duced. The metal is of a dusky white colour, 
with a specific gravity of about 7. It soon loses 
its metallic state, and is again 6onvert6d into 
an oxide by exposure even at tht ddinmoh tefH- 
perature of the atmosphere. 

In an imperfect state of oxydation, mangaMse 
is acted upon by every acid ; but when it is a 
complete oxide, the acids have nditllfect upon it. 
This singular circumstance arises from the great 
avidity of manganese for oxygen. In an im- 
perfect state of oxydation it seizes t^yon the 
oxygen of the acid, and dissolves j hiA when 
saturated with oxygeti it has no such ^ffijiit]^, 
and therefore remains unchanged. 
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Manganese is used in considerable quantities 
in the chemical laboratory for a variety of pur- 
poses where oxygen is required. Oxygen gas 
for chemical experiments is generally obtained 
from manganese by exposing it in an iron bottle 
to a red heat The portion of oxygen which is 
slightly held, unites with the caloric, and forms 
oxygen gfts, and this passes through a tube con- 
nected with the bottle into a proper receiver to 
be retained for use. After the xpanganese has 
thus lost a part of its oxygen, it becomes of a 
lighter colour; but if it be exposed to the aijir 
for some time, it will resume its blackness, its 
oxygen being restored by the atmosphere. 

Oxygen gas is more readily obtained from 
manganese by pouring a quantity of sulphuric 
acid upon it, sufficient to form it into a kind of 
paste, and afterwards employing a gentk heat. 

If one part manganese, and three parts nitrate 
of potash be put into a red-hot crucible, the salt 
becomes decomposed, and a green friable pow- 
der is produced, which is an alkaline oxide of 
manganese. This mass has the singular property 
of exhibitinjg differ^ colpurs according to the 
quantity of water that may be added to it. A 
small quantity gives it a green appearance, a 
little more produces a blue, still more, a light 
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parple, and a further addition communicates a 
beautiful dark purple colour. 

Chrome is a metallic substance, found in an 
oxygenized state in the red lead ore of Siberia. 
When reduced to its metallic form it is brittle 
and very infusible. This metal is capable of 3 
degrees of oxidizement. In. the first it-is green ; 
in the second brown, and in the third state it 
forms the chromic acid, which is a bright red, 
and contains about two-thirds of its weight of 
oxygen. 

The green colour of the emerald is supposed 
to be produced by chrome in its first state of 
oxidizement, and the red colour of the ruby 
from its last stale. 

9 

When chrome is dissolved in nitric acid it 
unites with the alkalis. These chromic salts 
precipitate solutions of some of the metals of 
beautiful colours. Lead, in solution, is precipi- 
tated of a bright yellow ; mercury of a cinnabar 
red, and silver of a carmine red. 

Molybdena is found united with sulphur. 
This ore has a very metallic lustre, and marks 
paper much like plumbago. 
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The nitric and oxygenized muriatic acids are 
the only acids that act upon molybdena. It is 
capable of 4 degrees of oxidizement. The first 
produces a black, the second a blue, the third 
a green, and the fourth is a yellow oxide. The 
molybdenic acid combines with alkalis and 
earths. 

Uranium. The oxide of this metal is found 
combined with sulphur, which may be separated 
by fire. The ore is then to be dissolved in ni- 
tro-muriatic acid, which will throw down an 
orange coloured precipitate. - This, when ex- 
posed to an intense heat, produces uranium in 
its metallic state. 

Tungsten is obtained from the tungstic acid, 
which is found united with calcareous earth, 
forming a mineral, called wolfram. Tungsten 
is &o difficult of fusion that fe,w experiments 
have been made on it in its metallic state. 

The tungstic acid is easily obtained from its 
combinations, and readily unites with earths and 
metals. With sulphuric acid it forms a blue, 
and with nitric and muriatic acid, a yellow 
oxide. It likewise combines with sulphur, and 
forms a black chrystallized mass. 



194 METALS. 

The remaining metals are Titaniuniy Colum- 
biuntj Tantaliunij and Cerium. These are called 
refractory metals ; inasmuch as they cannot be 
obtained in their pure metallic state. Like the 
two or three last noticed metals, they are inte- 
resting only to the scientific enquirer, their 
properties not having hitherto been employed 
in the arts. 



r. 
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Vegetable Bodies. 



THE vegetable work! forms so beautiful, 
extensive, apd useful a part of creation, that it 
necessarily lurests out particular attention, 
j^lthough we Cannot suppose that til the pheno- 
mena of vegetable life are exclusively the result 
of chemical processes, yet so many eficcts are 
evidently produced by the chemical energies of 
nature in all her productions, that the investi- 
gations of chemists in this department pro- 
mise not only ample and curious discoveries^ 
but also the most useful information, both in a 
commercial and agricultural point of view. By 
Analyzing various soils, and the secretions of 
plants, the best modes of culture may be ascer- 
tained on scientific principles, and the physio- 
logy of vegetation be more satisfactorily un- 
derstood. ^ 
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Vegetables hold the next rank to animals, 
and whilst we pass from the sensitive to the in- 
sensitive state of existence, or from animals to 
plants, we are struck with the general similitude 
of the structure and functions of each. The 
vital operations of the two states have indeed 
such a manifest resemblance, that they can 
scarcely pass unnoticed by the most superficial 
observer. We all witness the birth, develop- 
ment, growth, and decay of plants, divided, as 
in animals, into stages which regularly succeed 
each other. The seed gives birth to the young 
.plant ; at a certain a^ the plant fructifies and 
perpetuates its species ; for a period it remains 
flourishing and healthy in this adult state, when 
*it ceases to'igrow, and we see the energies of 
nature gradually decaying, until enfeebled by 
Bge, ^ different parts lose their functions, and 
death ensues. 

* ' ■ - 

The growth and secretions of plants are 
effected as in animals, by vessels of difiPerent 
organization, which are abundantly distributed 
throughout their substance. The most con- 
spicuous are the common or sap vessels, the 
proper vessels, air vessels, utricles and vessicles. 

The common ox sap vessels lare cappillary tubes, 
which occupy a large portion of the vegetable 
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body, and convey the sap through the main 
trunk to the extremities of the branches ; these 
are analogous to the blood vessels of the animal 
system. 

The proper vessels are those which secrete 
fluids proper or peculiar to different vegetables. 
These vessels are generally found connected 
urith the under cortical layers, and different 
coloured fluids may be seen exuding from them 
in a transverse section of the plant, totally dis- 
tinct from the sap which springs from the mouths 
of its own vessels that are more particularly dis- 
tributed through the ligneous part. 

The air vessels are very small, and often tran- 
sparent; they are twisted into a spiral form," 
and run in the interstices between the sap vessels. 

The utricular texture is composed of small 
irregular sacks, which are soft and full of a 
thick fliiid. These are combined in the pith of 
the plant, and appear to be secreting organs 
which receive the sap from the common vessels, 
dnd prepare it for, and transmit it to, the proper 
vessel, where it gives the distinctive character 
to the vegetable. 

« 

The vessifs^r te^tture is only an expansion of 
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the utricular ; this proceeds horizontally from 
the centre, and passes through the meshes that 
separate the common vet^sels, until it spreads 
itself on the cortical layer beneath the outer 
bark, connecting the utricles with the proper 
vessels. 

How secretion is effected either in the aaitnal 
or vegetable body^ is a point that has tiot ycc 
been ascertained We are sen^ble thart it is an 
operation of nature totally diiSerent from aE 
others that we are acquainted with ; nor can it 
be resolved on any chevical principal which we 
at present imderstaod. Different vegetabies 
grow on the same soil, under the same circum- 
stances, yet some will foe bland and nutritious, 
others acrimonious and unwholesqme. A simi- 
lar cause &)r wooder appears in the animal world. 
Two creatures composed of the same elements 
and fed upon the same food^ will form secre- 
tions equally different; the one, perhaps, the 
nost odoriferous effinvia, the other the most 
disgusting fastm*. 

Vegetables are also supplied with appropriate 
ofgans for absorption and excmtion. The^a- 
ments of roots and the pores of die leaves an 
the principal organs of absorption. The absor- 
bent vesfids mav be demonstrated Imt iiiBi»crsin£: 
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these parts in coloured fluids, by which the 
vessels will be filled and tinged. A familiar and 
striking instance of the absorption of vegetables 
is the sudden effect which water produces in re- 
storing a drooping plant when poured upon the 
dry earth that encloses its roots. It is generally 
admitted that the sap not only circulates upwards 
through the trunk and branches of plants, but 
that it likewise returns or descends under the 
bark, and thus produces a continued circulation. 
It is certain that if the bark be cut by a double 
incision, in a horizontal ' direction round a 
branch, and the intervening ring of bark be re- 
moved, that the upper edge of the wound will 
descend and approach the lower edge, which 
■will remain stationary. Now as the newly 
formed bark is doubtlessly deposited by the sap, 
this experiment seems to be a satisfactory proof 
of a descending circulation. 

The absorbed fluids during their circulation 
through the different vessels of the plant, be- 
come changed aad modified by the processes of 
secretion. Some of these secreted fluids are de- 
posited to increase the bulk of the vegetable; 
other portions Co form its gum, resin, aroma, Sec. 
What remains, being either redundant or unfit 
for these purposes, is excreted Irora its leavss in 
a gasseous or fluid state. 



I 
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It is equally important to the health of vegeta- 
bles, as to that of animals, that the mouths of 
these excieting organs should be kept free from 
obstruction. It is on this account that careful 
and attentive gardeners almost daily wash the 
leaves of valuable plants with a sponge. 

In the whole of the interior structure . and 
functions of vegetables, there is so groat, an 
analogy to the animal system, that we cannot 
sufficiently admire the general relations of nature 
in her operations. To preserve and support .ve? 
getable life, the food is principally taken up by 
the absorbents of the root, and diffused by tbose 
vessels throughout the system; undergoing 
various changes, until it is returned by another 
set of vessels, which deposit what remains fit for 
secretion, and exhale the remainder. 

In the animal system the stomach is the re- 
ceptacle of the food. The absorbent vessels 
take up a portion of the digested aliment, and 
pour it into the blood vessels ; these circulate 
the fluid through every part of the body; the 
various organs form their secretions from it, 
and the waste and wants of the jEuiimal oeconomy 
being supplied, the redundant part is chiefly ex- 
haled from the surface of the skin. 
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Air, water, nutriment, light, beat, and electri- 
city are essential to animal life, and ive shall 
find in the continuation of this subject that the 
whole of these are equally indispensable for the 
support of vegetable existence. Even motion is 
not entirely denied to plants. Some species fold 
up their leaves spontaneously when touched by 
irritating substances. Others present their ex- 
panded flowers towards the sun during the whole 
of his diurnal progress. Flowers placed in a 
room will almost invariably turn towards the 
window ; and if a plant be placed under a bo2 
the branches will soon wind their way througl 
some outlet, to obtain the important infliien. 
of light and air. The propagation of plants 
also discovered to be analogous to that of ani- 
mals ; but we shall limit our present subject to 
what is known of the chemistry of vegetation, 




Light is essentially necessary to almost alll 
vegetables, although we do not understand ho\^] 
its effects are produced. Let a plant have all J 
the advantages of aii", heat, and water, yet be de- 
prived of light, it will soon lose its beautifillj 
verdure, become of a sickly white, and speedily J 
die. But if instead of solar light, that of lampi 1 
be substituted, its existence will be greatly pro- 
longed. Some plants under such circumstances 
have even propagated their species. 
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|t is dj^icult to ast^/ertain whether tbes^ effects 
fri^ from t^e actual combiQation of light with 
the pl^pt, or from its influence jp favouring the 
4ef ompp^itipp of ^jr, qr otlfiet Qj^i^. From th# 
Jsnown ph^nges pfpduped byjthe imip^diat^ 
fijgeppy pf light on many niiqeJl^l wi4 vegetal^le 
3oiif(ion$, we are incline4 to. believe tl^s^t the 
^ctu^l combin^tipn of light ^flfcts these impor- 
tant changes. 

Bet weep the tropics where the ppwer and du- 
ration of light i$ greatest, the colours of plants 
are mo$t vivid and various : approaching the 
glpomy polar regions, the beauties of the vegeta- 
ble wprlsd gr^dv^Uy decline. 

The blanc^ijng.of endiye, feleiry, apd lettuce, 
&C. f$ effected by e:^^ludii\g \\g\kt ^iie eartb 
is heaped up about the plant, or the leaves are 
ti^d, 1^ 3s tp pyeye^t the cpp^^i^ipfi^pn of light, 
^pd t]^^ heajthftil gve^n disapp^s: . 

ti^! ;^9 vege^atv^. If a p^^ni; bf p^t m ^ g}^ 

9^a^ witl^ ^U tb? s^lYJ^vti^fs #ligH b«^t, »)4 
water, l?v»t. withqwt; ^ir, it wiM.^9)Wl 4ie. 
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ing the air, it will be foutid that a principal part 
of its oxygen has disappeared^ which must either 
have entered directly into combination with the 
plant, or else have united with the cai'bdn of 
the earth lit which it grew, and have formed 
cstrbonic acid. Carbon is found to be of th^ 
greatest importatice in preserving and support- 
ing Vegetable life. Nitrogen and hydrogen 
gassJes ard fatal to plants as well as to animals ; 
but carbonic acid gas, in which ahihmls expire, 
gives additional energy to the vital functions of 
vegetables. 

Ingetihou^ supposes that the leaves decom- 
pofse this gas, and that the fixed carbon becomes' 
one of the e?lements of the plant. 

fVater cohtributefs so much to/ the support 6f 
plants, that it rtiay almost be said to constitute 
them. If a portion of well dried earth be weighed, 
and a small platrt be placed In it, by regularly 
watering it, its btilk will increase, artd in course 
of time, it will obtain a cofitsiderable liiagnitade. 
Take out the plant, and on drying, and weigh- 
iAg the earth, it will he fonnd to' ha^e lost very 
little of its original weight, although the plant 
has increased, perhaps ati hutidred fold. Thett 
from What has this increase been produced ? 

o 2 
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Certainly from the water and the surrounding 
atmosphere. 

Dr. Ingenhouz having observed that leaves 
immersed in water and exposed to the sun, 
emitted oxygen gas, was led to suppose that 
water is decomposed in the vessels of vegetables, 
and particularly in those which are distributed 
through the leaves. He imagined that this 
decomposition was promoted by the agency of 
light ; and that the hydrogen which was ^se- 
parated from the oxygen of the water, forj^ed 
oils, gums, resins, and a considerable portion of 
the ligneous part of the plant Oxygen, the 
other portion of the water, he supposed, was not 
only employed in forming acids and saccharine 
matter in the vegetable, but that there was like- 
wise a super-abundant quantity given out from 
the surface of the leaves, in the character of gas; 
and that by this mode nature had provided for 
supplying the prodigious consumption of this 
important portion of the atmosphere, daily ef- 
fected by combustion and respiration. 

This hypothesis seems to unfold a system of 
great beauty and wisdom. That an immense 
quantity of oxygen gas is constantly decom- 
posed, is sufficiently certain ; audi yet in the 
closest parts of the most populous cities, we do 
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not find that- the air has suffered any diminu- 
tion of its oxygen : this supply must he pro- 
duced hy some extensive means ; and there 
seems to be nothing more adequate to this pur- 
pose than the immense surface of vegetation. 

Although light, air, and water are of such 
great importance to vegetation, they do not 
ftirnish the whole of the princfples necessary for 
fertility : the vegetable body must have further 
sustenance. 

If a plant be placed in sand, in a favourable 
situation, and regularly watered, it will vegetate 
for a time ; but its fragrance will be faint, itis 
fruit insipid, and it will at length become sickly 
and die. Water alone is not sufficient for its 
support ; it wants additional food. 

The agriculturist is well aware that the earth 
1)ecomes exhausted by her productions, and that 
the soil must either lie dormant to recruit its 
exhausted powers, or be supplied with manure. 

The ordinary procedure of nature seems to 
point out the necessity of this supply. The 
fallen leaves and dead vegetable matter putrify 
during winter, and then form, by a natural pro- 
cesSy the necessary manure. ^ 
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A knowledge of the chemical constitution of 
vegetables, will best explain the use of compost^ 
and manure. O^^ygen, hydrogen, and carbon 
are the general elements of vegetables. Sul- 
phur, lime, jsilex, and potash, occur in some in* 
stances ; but the first three are universal, there- 
fore it is obvioiis these ^re all that vegetables 
want for their s\ipport; and these are contained 
in i^anure. We are very sensible that manure 
contains free hydrogen ; not only from the smell, 
but from the inflammability of the gas which is 
perpetually escaping from the surface when it is 
in a high state of putrifaction. The carboii is 
visible, occa$io|iii)g its usual black appearaQce> 
and the carbonic acid gas that esj^apes and ms^ 
be ^asily detected, is a certain proof of the 
existence of oxygen. 

The fertilizing quality of manures, probably 
arises chiefly from the quantity of carbonic acid 
that is produced. Water is the vehicle which 
holds it in solution, and carii^ it to the absoc- 
bent roots of the vegetables. The ca^l^oa thu^ 
taken up constitutes one portion of the plants 
and the other two (the oxygqn asd hydrogen,) 
may be derived from Hk decopippsition of^ the 
water itself. 

The products of vegetation^ in 4 <})|eiiii^ 
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view, are very numerous ; some are utliversal, 
and belong to aH vegetables : others are pecu- 
liar, and appertain but to a few. 

Mucilage, in its solid stale, forms gum, which 
is soluble in water, but not in alcohol. It is 
transparent, brittle, and inodoiirons ; it dissolves 
in pure alkalis, and is precipitated by acids. 

Mucilage forms the basis of the juiCc of plants, 
and likewise constitutes a considerable pcjrtion 
of the seed. It is converted by heat into :i 
coaly substance, without inflaming- ; and during 
this change, it gives out carbonic acid gas. It 
appears to bg composed of hydrogen and car- 
bon, with a very small portion of oxygen. When 
mucilage is diluted with water, it soon passes 
into the acetous fermentation, from which vine- 
gar or the acetic acid may be obtained b^ 
tillation. 

Fecitia of v^etables seems to vary very I 
from macilage. To obtain thefecula, the plant 
is bruised and diffused in water, in which the 
feculent part sabsides, and by evaporating, the 
water may be obtained pure. In this manner 
starch, potatoe f!oi>r, sago, arrow root, he. are 
obtained ftom their respective ^'egetables. 
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Vegetable Gluten is obtained from flour, by 
forming a paste, and washing it under water 
until it remains clear. The substance which is 
thus obtained is elastic and tenacious, and be- 
comes more and more adhesive as it ^nes. It 
soon putrifies when exposed to the air, and if 
placed on hot coals, it curls up and^einits a 
strong animal smell. > 

Sugar is obtained from a great number of 
vegetables, amongst which ai-e maple, carrots, 
com, beet, parsnips, turnips, grapes, and vari- 
ous other fruits : but the sugar-cane affords the 
greatest quantity. The juice is first squeezed . 
from the. cane, and then l)oiled until it has ob- 
tained the consistence of syrup: this is ag;ain 
boiled, with the addition of alum and lime, un- 
til its consistence is greatly increased. The 
treacle, or molasses, is then drained off, and 
when cool it forms a solid mass of imperfect 
chrystals. In this state the sugar is imported 
into this country, where it is again refined to 
form loaf or lump sugar, by boiling the raw 
sugar with lime water to neutralize the acid ; 
after which, it forms harder and more perfect 
chrystals. Bullocks blood is genen^lyradded; 
the albumen of which, coagulating by heat, 
takes up most of the impurities that, are con- 
tained in the mass. If the refined fluid be left 
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to-cbrystallize freely, without being ptjred into 
those conical moulds which shape the loaves, it 
foims those large regular chrystals, called sugar- 
candy. 

Sugar is composed of 64 parts oxygen, 
carbon, and 8 hydrogen. It is very soluble 
either in water or alcohol ; is very inflammable, 
and detonates with oxygenated muriate of po- 
tash. If two pieces of sugar be rubbed together 
in the dark, they produce an electrical light, 
and have likewise an electrical smell. By the 
vinous and acetous fermentation, sugar forms 
alcohol and acetous acid. 

, Vegetable oils are of two kinds, fixed and vo- 
latile. 

The Jlred oils are obtained by pressure from 
seeds or kernels. Olive, almond, and linseed 
oil, are of this description. When no heat is 
employed, they are called cold drawn oils. 

Both volatile and fixed oils are composed of 
oxygen, hydrogen, and carbon. The volatile 
have much more hydrogen than the fixed oils. 
Oxygen readily combines with oil in two ways : 
when incorporated with the oil itself, it converts 
it into what painters call a drying oil; but when 
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united with the mucilage of the oil, it jMroduces 
rancidity. This mucilagencais part may be se- 
parated from the oil by agitating it with water, 
which will take it up : after this operation the 
oil will keep sweet for a considerable time. 

To make drying oil, it is boiled with an oxide 
of lead ; the oxygea of which enters into direct 
combination witfr the oil. 

Oils likewise combine with alkalis and the 
alkaline earths. Soap is produced by boiling 
oil or taUow witih: alkali^ in water for a consi^ 
time. The best white soap is composed of tallowy 
potash, and soda. In the mottled soap less 
pure talloiw is usedr; and yellow soap is formed 
by adding resin to the alkali and fat. The com- 
mon soft soap is made from fish oil and the ley 
of potasb^ with a^ small portioo; of tattcyw mixed 
with it, which fonns the white spots. 

Lamp bktek is obtaimed by: bundng ml in a 
close place where there is not a sufficient access 
of o(xygen to proditce the entire conEifaustion of 
theoil); i^ isdefiosited like sool^ andl soiaped: 
off from: tih^ reoefiiacte^ m wfaicfai itisiooltectedi 
foy so.^, . < 

called balsam of sulphur. 
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Volatile or esseutial oils are contained in vege- 
table bodies ; they have a very penetrating smell, 
and a pungent taste ; they unite with alcohol, 
and do not readily combine with alkalis. 

Volatile oils are evaporated by a gentle heat, 
and thicken by exposure to the atmosphere so 
as to obtain a resinous state. Water will dis- 
solve a small quantity of volatile oil, which 
communicates to it the peculiar odour of the 
vegetable from which it has been obtained. 
Thus, peppermint, lavender, or rose water, are 
obtained by simple distiUation. The lavender 
water of the shops is generally formed by dis- 
solving a small portion of the essential oil in 
alcohol, and then mingling it with water. 

Camphor is a vegetable production, and has 
similar properties to the essential oils. 

Resins dxe formed by the exudation of juices 
from the wounded bark of particular plants, 
which become concrete by their union with thg 
oxygen of the atmosphere. Eesina are highly 
inflammable, and during intlammation produce 
a considerable quantity of soot. They dissolve 
in alcohol or xther, but not in water. Varnishes 
are made by the solution of different resinous 
substances in alcohol, or spirit qf turpentiae. 
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Turpentine is obtamed by exudation from the 
fir-tree, and appears to be composed of resin and 
volatile oil. 

Tar is a vegetable production, and is likewise 
obtained from the fir-tree, and also from a par- 
ticular kind of coal. Tar in its concrete state, 
is called pitch. 



J < 



Tan is found in a, variety of vegetables, par- 
ticularly in the willow, chesnut, hazel, and ash ; 
but it exists most abundantly in the bark of the 
oak : it may be likewise obtained from nut-galls, 
tea, and ^ red port. 
. . • ■ . . .• 

Tan unites with the gelatin of hides in the 
operation of tanning, and forms the substance, 
called leather. 

Tah may be separated from the bark in the 
following manner : To a cold infusion of oak 
bark add atBolutipnof muriat^of tin, which will 
piiecipitate the tan, together with the oxide of 
tifal The tin may then be separated'from the 
tan by sulphuretted hydi*ogen, whicfr will com- 
bine with the former, and l^aive the latter pure, 
of ia light-brown' colour. 
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tfie difficulty of procuring it in sufficient quan- 
tity, its peculiar properties have been particu- 
larly examined by Mr. Hatchet, with a view to 
discover some more ready means of obtaining 
it. He has produced it from a variety of bodies, 
but not in sufficient quantities to render his 
interesting researches of much public utility. 

When tan is combined with alkali, it has great 
affinity for the metallic oxides. 

Caoutchouc, or Itidian Rubber, as it is generally 
called, is a vegetable production : it exudes from 
diiferent plants in India: when it is first obtained, 
it has a white appearance, but becomes black by 
drying. This gum dissolves in sther, and forms 
an excellent varnish. 

Feumentation. This is a process which 
changes the combinations of the elements of 
vegetables, but it probably never takes place 
whilst life exists in them. 

Oxygen appears to be the great agent of 
fermentation. 

There are three states of vegetable fermenta- 
tion, the vinous, acetous, and putrid. Fourcroy 
considers the making of malt to be a fermenta- 
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tive process. The object of the process, called 
iriftlting, is to convert graitt^ from its insipid state, 
into a highly saccharine substahdre. Barley is 
most frequently used for this purpose. The first 
step is to soak it in ifi^ater for sortie hours, after 
t^hich it ih laid in a heap to sprout Whetl it has 
sprouted about twio third* of the leiigth df the 
grain, further germination is stopped, either by 
exposing it in thin kyets to a curretit of ^ir, or 
by the more usual mode of diyitlg it by hteat. 

In this operfttiott the water imbibed by the 
grain is decomposed by the process of tegettt- 
tion ; and it is a material point hi the atrt of 
malting, toknotr precisely when this process 
dtrght to be sitopped ; if it be eatried to6 fit 
the substance of the grain ttrill be* t06 mudh 
wasted ; and if not far enough, the seed will 
liot be sufficiently oxydized ; ^ctttseqfueiitly, 
when dry, it will be deficient hi daccharitife 
matter. . . 

The art of brewing consists in separating the 
sAccharine matter frotti the offtii* pAit* ttf the 
oxygenized grain or malt ; this is effected by 
pouring hot water upon the malt, which dis- 
s^e& the sttgftt stftd ^ portion 6fttiutihge. 



• I 



After th^ ho^ are add«!d,< ttM <he Avoid h 



\ 

^ 



VEGETABLE BODIES, 215 

cooled to about 70 degrees of Fahrenheit, a 
proper quantity of yeast is mingled with it, aad 
the vinous fermentation commences; the liquor 
becomes turbid, an increase of temperature 
takes place, and an internal motion is observable 
throughout the whole. During this process a 
most abundant quantity of carbonic acid gas is 
disengaged; a portion of carbon also combines 
with hydrogen and oxygen, and forms the ar- 
dent, inflammable and intoxicating fluid, called 
alcohol ; the quantity of which constitutes what 
IS called the strength, of the beer, and depends on 
the quantity of malt, or saccharine matter, that 
has been employed. 

Wine, cider, perry, and all other intoxicating 
liquors are products of the vinous fermentation : 
the spirituous part in all depends on the quan- 
tity of saccharine matter, and the peculiar fla- 
vour on the volatile oils, and essential principle 
of the vegetable from which each is derived. 

Foreign grapes supply, naturally, a sufficient 
quantity of saccharine substance, so that the 
whole piocess of making wine from them con- 
sists in expressing the juice, and afterwards fer- 
menting it. English wines require an added 
quantity of sugar, inasmuch as the fruit from 
which tbey are made is deficieot in the saccha- 
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line principle; so that without this addition 
there could not be a sufficient quantity of alco- 
hol formed to prevent the wine from spoiling or 
becoming sour. 

Light and heat are necessary agents for the pro- 
duction of the vegetable oxide, sugar; therefore 
ripe fruit contains more, sugax than that which 
is green. But: in this climate, fruit never ripens 
to such: perfection as to preclude the nec^sity 
of an additional .supply; it is tiberefote irecom? 
mended to employ unripe fruit, and to makeup 
for the natural deficiency by. supplying manu- 
factured sugar ; for during the oxydating • or 
ripening process, the volatile effluvia or essen- 
tial flavour of the vegetable, escapes. Those 
who have.. tasted English wine made from un- 
ripe gooseberries, are well aware that it is much 
superior to that made from the full ripe fruit. 
In making sweet cider the ; apples are suffered 
to lie together on h^ps for a considerable length 
of time, that the further oxydation of the vege- 
table acids may. be effected. But we are sensi- 
ble from the taste of such cider, that thi$ sweet- 
ness is obtained at the expence of the fine flavour 

of the vegetable* : . -" 

■ • 
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Distillation^ is the method of separating the 
spirituous from the aqueous part of fluids that 



V£G£TABLB BODIES. S17 

have undergone the vinous fermentation.. The 
alcohol thus obtained, is called brandy, rum, 
gin, arrack,, or whiskey, &c. . according to the 
vegetable from which the saccharine matter has 
been derived. 

If the fermented fluid be put into a proper 
apparatus, called a still, and heat applied, the 
spirituous, or alcoholic part, will be converted 
into vapour, at the temperature of 176 degrees, 
which is 36 lower than that at which water 
takes tbeform of st^am; consequently, if the 
temperature of 176 degrees be equably icept up, 
the whole of the alcohol may be driven off be- 
fore the water boils. 

As the spirituous vapour rises, it is compelled, 
by the structure of the still, to pass through a 
long spiral tube, which is immersed in a vessel 
of cold water. During this transmission it loses 
the heat by which it obtained its gasseous state, 
and is condensed into a fluid, specifically lighter 
than.water^ in the proportion of about 8 to 10. 

Alcohol combines chemically with water, and 
during the union, heat is evolved. If strong 
rum be poured into water of the ^same tempera- 
ture, the beat will be increased 10 or 12 degrees, 
and a diminution o£ bulk wUl take place accord;^ 

V 
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ing to the quantity of heat given out For in- 
stance, if 30 gallons of water be added to 100 
gallons of rum, in the state in which it is im- 
ported, the whole will not amount to more than 
127 gallons; thus there will be a diminution of 
the bulk of the whole, equal to 3 gallons. 

Carbonic acid and water are produced by the 
combustion of alcohol ; and the weight of these 
results is greater than the weight of the alcohol 
consumed, by the weight of the oxygen which 
has been taken from the atmosphere during the 
combustion. 

Alcohol has never been frozen by the greatest 
degree of artificial cold hitherto produced ; al- 
though aether, which is formed from alcohol, 
and is specifically lighter, has been cbiystallized 
at a very low temperature. 

The acetous fermentation^ or that which pro- 
duces vinegar, takes place in liquors that have 
undergone the vinous^ by exposing them to 
oxygen gas, or to the atmosphere, at a greater 
temperature than 70 degrees, and less tfaati 90. 

When this fermentation commences, the fluid 
sooft becomes warm, and a ropy sabstance ap- 
pears in it It emits a disagreeable, odour^ and 
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ia a few dayspbtains am acid taste, which iq* 
creases until the whole is converted iato vinegar 
or acetous acid. The acetic acid is produced 
l^y furthex.oi^idizement, or by getting quit of 
tJUsaquaoufi (fluid that is contained in the ace- 
tous ; which jus easily effected by exposing vine- 
gar to a «harp fco3t, which freezes the watier, 
and leaves th^ acietiq acid iin a fluid state. 

To produce the vinpA^s femi^tation, it is not 
necessary to expose the surface of the fluid to 
the ^tniQsp]ier<^ ; biM^ £w the ^acetous, oxygezi i? 
indispiQBsaibjie, 0^ imist b^ ^^ppliefi^ ettherfrom 
the atmosphere, or otherwise. For it is by the 
imioa of lOxygo^.that the alcoholic part of the 
fluid is .decQo^osed, lo^s its iatpxicating 
pow^r, andis copy^rte4 into yifliegar. 

Vinegar-making, on a large scalj?^ is:geii^al)y 
carried on ia summer, that the increased tem- 
perature of th« atou^p^er^ may ^yoiUAthef fer- 
mentajtio^. 'f^c^.barc^s ivhi^h contain tbe^f^r- 
fuentiiig fluid ^re notqu^e flUe^ithajt thje^u^- 
face of ,t;l^ li^uQr iexposed to. the oxygen ^tiiie 
atmosphere, may he^f^^er* ; > . r 

, IX'he white ii^y jofialjteAv^a v^gar, ivhi^lii is 
c^lQdwfitkfir^ M^hisn thxowii into. ]^inouB liquors 

p 2 
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promotes the acetous fermentation,, as yeast ex- 
cites the vinous. 

In an advanced state of the acetous fermen- 
tation, a portion of vinegar may be drawn off 
from the vessel, and an equal quantity of vinous 
fluid added ; this very soon will become equally 
oxidized, and another portion may be tak6n 
out : in this manner a continued supply may 
be obtained from the same barrel. 

The acetous acid unites with alkalis, earths, 
and metals, and produces a variety of salts. 

The surface of lead is corroded by the fiimes 
of hot vinegar ; hence a sub-acetate, called white 
lead. When this is dissolved in distilled vine- 
gar and chrystallized, it constitutes acetate, or 
sugar of lead. 

If the surface of copper be exposed to vinegar, 
a beautiful green oxide of copper is produced, 
called verdigris; when this is scraped off and 
dissolved in vinegar, it chrystallif es and forms 
a salt, called acetate of copper. ' 

The putrid fermentation of vegetables pro- 
duces other combinations. H«at and water are 
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essential in this process. When a quantity of 
green vegetable matter is heaped together,- the 
colour soon changes ; an increase of heat is pro- 
duced in the interior of the mass, and decom- 
position takes place. The constituent elements^ 
oxygen, hydrogen, and carbon enter into new 
unions. A portion of the hydrogen unites with 
the oxygen, and forms water, or aqueous va- 
pour. Another part combines with carbon, and 
forms carl>u retted hydrogen gas ; and in a few 
vegetables where nitrogen resides, the hydro- 
gen will unite with that element, and form am- 
monia. The greater part of the carbon is em- 
ployed with the oxygen in forming carbonic acid, 
the principal food of vegetables. The grosser 
parts mix together, become more solid, and ulti- 
mately form a brown mass of vegetable mould ; 
returning again to the earth that portion of 
matter which had been employed in the compo- 
sition of the vegetable. 

The putrefactive process of animal matter is 
very similar to that of vegetables ; but as there 
is a greater variety of elements^ a greater num- 
ber of combinations take place. In both in* 
stances, however, the wisdom of creation is 
equally admirable. So perfect is nature that 
nothing is lost or rendered useless. 
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Mther is obtained by the combination of 
Alcohol, either with sulphuric, muriatic, or ni- 
tric acid. iEther evaporates rapidly when ex- 
posed to the atmosphere ; and it boils at the 
temperature of 98 degrees. lu passing from its 
fluid to its gassemis statl?, it takes up such an 
abundant quantity of caloric, that water may be 
frozen in a thin glass tube, by wrapping it round 
with cotton and dipping it in aether. If an 
animal were washed with sether, even under a 
meridian sun, it would soon perish with cold. 

-flEther burn a rapidly with a bright flame. It 
is very sparingly soluble in water ; but combines 
with essential oils and resins. Its specific gra- 
vity to water is as 7^ to 10. It freezes at 46 
degrees below ^ero ; which is 6 degrees lower 
than that point at which quicksilver is rendered 
solid. 

The colouring matter of vegetable bodies is 
of great importance in the art of dying. 

The colouring principle has been divided into 
four states of combination. In the first, it is 
united with the extractive principle, as in log- 
Wood and cochineal, from which the colouring 
matter is obtained merely by infusion iii water. 
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Some gummy substances likewise /contain Qplour- 
ing matter, from which it may be obtained by 
infusion in the same manner. Colour is also 
found in the farina or fecula of plants, from 
which it may be readily obtained by sulphuric 
acid. In the fourth state it is united with re- 
sins, from which it is separated by dissolving the 
substance in alcohol or alkali. 

The art of dying consists in transferring the 
colouring matter from the body in which it re- 
sides, into some other. 

Particular colours have such affinity for the 
substance in which they are to be incorporated, 
that they readily unite with it. Others have so 
little relation that they will not unite with it 
without the intervention of a third body, which 
is called a base or mordant. This is a kind of 
intermediate affinity between the colounng 
matter and the fabric to which it is to be trans- 
ferred, and renders the colouring matter insolu- 
ble in water. 

• 

The most usual base is alumine : the oxides 

of iron and tin are likewise used in combina- 

» 

tion with sulphuric, acetic, nitro-muris^tic, and 
tftrtaretMis acid. 
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The ordinary mode of dying colours that re- 
quire a base,< is first to communicate the colour 
by dipping the fabric in the colouring solution, 
and afterwards to pass it through a solution of 
the base which fixes it. 

In calico printing the mordant is mixed with 
a kind of paste ; in this state it is applied to the 
surface of a wooden block, or pattern, which is 
then pressed upon the cloth- After the mor- 
dant is dry, the fabric is passed through the 
frolouring matter, in solution. This becomes 
fixed in that part of the cloth which is covered 
with the base; and the colouring matter is so 
loosely held in the other parts that it readily 
washes out. 

The great variety of colours which are pro- 
duced by dying are reducible to four, viz. blue, 
yellow, red, and black. 

Blue is obtained from indigo by steeping the 
plant in water; this produces a fermentation 
that deposits the colouring matter. 

Indigo^ readily combines with most^ cloths 
without a mordant or base. This colouring 
matter may be employed in its simple oxygenized 
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state, with sulphuric acid, which gives an im- 
mediate blue ; or its oxygen may be taken up 
by mixing it with lime ; this communicates a 
green colour ; but it absorbs oxygen from the 
atmosphere until it becomes of a dark blue. 

Yellow dyes are chiefly formed of shumach, 
turmeric, and fustic, from which a variety of. 
yellow colours are produced according to the 
matter and the mordant, whether it be alumine, 
oxide of iron, or tin. By the addition of indigo, 
green is produced. 

The colouring substances for red, are cochi- 
neal, archil, madder, and Brazil wood : all these 
require mordants, which are sulphate of alumine 
and nitro-muriates of tin. With red and yellow, 
orange is produced, and with blue and red, 
purple. 

Nut galls, which consist of gallic acid and 
tan, united with sulphate of iron, produce black ; 
but to deepen the dye, logwood is added. 

To print a white cloth with black spots, a 
paste is made with citric acid, and gum, or flour. 
This, by means of the wooden pattern, is spread 
over the whole of the fabric, saving those spots 



2S6 VEGETABLE BODIES. 

which are intended to be black. The cloth is 
then dipped m the black dye ; but the colour- 
ing matter only combines with it in those parts 
or spots that have not been touched by the paste ; 
thi& being done, the paste is washed ofF^ and the 
black spots remain. 



Animal Structure and Functions. 



THE animal structure is the most complex 
and interesting subject of natural inquiry. So 
many striking and important functions are per* 
petually operating in- -tjjis wonderful machine, 
that they could not fail to excite our wonder 
and attention, even if we were not conscious 
that our own health and feelings were mrolvcd 
in the research. 

Our first object will be to point out the ele- 
ments of which animal bodies are composed. 

The constituent parts of animals chiefly con- 
sist of oxygen, hydrogen, nitrogen, carbon, 
phosphorus, lime, and sulphur : to these may be 
added a portion of iton, and some of the neutral 
salts. 
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These elements are variously combined, and 
form the different substances of the animal body : 
amongst the principal of these substances may 
be ranked Gelatine, or Animal Jelly, Albumen, 
Fibrin e, and Blood. 

Gelatine is contained in the tendons, cartila- 
ges, membranes, ligaments, and skin of animals. 
Isinglass, which is the product of a fish in 
Russia, being dissolved in water, shews all the 
properties of gelatine, or animal jelly. It may 
likewise be obtained from all the soft parts of 
animals by boiling, and even from bones. Gela- 
tine constitutes the nutritious part of soups and 
jellies. 

Albumen. The white of eggs consists chiefly 
of this subst^ce ; it forms the curd of milk, 
and likewise a considerable portion of the se- 
rum of the blood. 

Albumen coagulates at the temperature of 
150 degrees of Fahrenheit, and forms a dry 
transparent substance, like horn. It passes into 
astateof putrefaction by exposure to the atmos- 
phere. It is the albuminous part of blood 
which clarifies sugar. The whites of eggs are 
{generally used fqr clearing wiqe and many other 
fluids. 



ANIMAL STRUCTURE AND f UNCTIONS. SS9 

Albumen is insoluble in alcohol, oil, or water ; 
but readily dissolves in alkalis. It has been 
stated that all animal substances are convertible 
into albumen and gelatine, and these two into 
soap and glue. 

Fibrine is a white fibrous substance, which 
forms a principal portion of the muscular 
or fleshy part of animals. It is likewise found 
in the coagulum of blood. Fibrine is insoluble 
in water and alcohol ; but is dissolved by acids 
and alkalis. 

Fourcroy, and others, have observed that the 
muscular parts of animals are, under particular 
circumstances, converted into a concrete inflam- 
mable mass, much resembling spermaceti. On 
opening graves in different places, bodies have 
been found converted into a mass of fatty mat- 
ter. The same has been observed of the flesh 
of quadrupeds, which have been kept under 
water for a certain length of time ; and indeed it 
has been proposed to convert the muscles of 
dead animals into this fatty substance, to' be 
used as spermaceti for making candles or soap. 

Bloody "which is so essential to life, varies con- 
siderably in different animals. In the generality 
of them it is of a red colour : but in some small 
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aninials this circulatiiig fluid is nearly transpa- 
lenL It likewise varies greatly in temperature. 
The bkKMi of man, quadrupeds, and birds, is 
hotter than the atmosphere or medium in which 
they live ; therefore they are called warm blooded 
animals. In fishes and reptiles it is nearly of 
the same temp^ature as the water or air in 
which they Gs\st; on this account they have 
been called cold blooded animals. 

When blood is first drawn from a vein it ap« 
pears to be a homogeneous red fluid, which 
consolidates as it cools : in a short time we per- 
ceive a yellowish watery liquor separating iix>m 
it, and the red mass increases in density accord'^ 
ing to the quantity of fluid which is given out. 
The fluid part is called the serum, and the solid 
part the crassimentum. 

The serum, or albuminous matter, is soluble 
m cold water ; but coagulates at aa increased 
temperature. When exposed to the atmospbeie 
it soon passes into a putrefactive state. 

The crassimentum being washed in. water, 
separates again into two distinct substances, one 
of which is composed of red globules that tinge 
the water of a red colour ; the other i» an iaso- 
IttUe white fihfotts: mass. 
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The blood of most animals contains a con* 

siderable portion of ferruginous matter^ from 

Vhich iron has been obtained in its metallic state. 

The difference of colour between the arterial 
and venous blood in the same animal, is suppo- 
sed to arise from the oxydizement of the iron 
by the oxygen of the air contained in the lung^. 

Before the structure of the human body is 
considered, it may be necessary to give a defi- 
nition of some of the most remarkable parts 
that compose it. 

Bones are bard substances which form the 
frame work of the body. 

Cartilages are firm smooth elastic masses,' 
tliat cover the ends of the bones. 

Muscles are contractile and expansible organs, 
which are attached to the bones, and give mo^ 
tion to the various parts of the body. 

Tendons are tough white shining cords, by 
means of which the muscles are fastened to the 
bones. 

Idgaments are strong tendinous bamds that 
connect bones to each other. 
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Bldod-x)e$$ds are flexible membranous tubes 
duYNigfa which the blood is circulated. 

Ljfmpkatics are transparent membranous tubes 
thnkigfa which the absorbed fluids are conveyed. 

Xcrves are white cords connected with the 
brun, and are the instruments of sensation and 
volition. 

Gldmk are organs employed for the purpose 
of secretion. 



The structure of animals manifests great de- 
sign and contrivance, not only in the general 
mechanism of their bodies^ but likewise in the 
peculiar adaptations of the form of each species 
to its respective station. The human body, as the 
receptacle of a divine spirit, is particularly dis- 
tinguished above all others for its admirable 
structure : the form is peculiar to itself; yet in 
its functions the general analogies of nature are 
obvious. Many of the mechanical moti<Mis 
'which it possesses, are however, exclusively its 
own, and excellently calculated for a more per- 
fect state of animal being. 

The construction and action of the body 
would alone be sufficient to convince a latioDal 
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*intnd of the existence of an Omniscient Being. 
How admirable are all the organs of sensation : 
not only for the high gratification which the mind 
receives through their medium, but for their 
exquisite contrivance and advantageous situa- 
tions, whether for use or security. Could the 
ej'cs be more conveniently placed ? — From their 
elevated situation and flexible motion, they are 
capable of receiving visual impressions from 
an extended horizon, without any collateral 
effort ; and the delicate construction and impot- 
tant use of these organs are, by the same wis- 
dom, secured from injury by the bony (jrbit 
that nearly surrounds them, the lids that shield 
them, and the secretions that wash off all irri- 
tating substances from their surfaces. The in- 
terior construction, by which the rays of light 
are conducted to the optic nerve, is likewise of 
most exquisite design ; and every other organ 
of the animal machine is equally an object of 
admiration, whether we regard its use or con- 
structiou. 



Bones may be considered as the basis of the 
body on which the other parts depend for situa- 
tion and support ; consequently they will pro- 
perly form the commencement of this general 
view of the animal structure and functions. 



^Bonescofi&f^t oY fibres \v'hich^are'^i^iboted 
if! putts : these pistes are not olosety applied 
%o ea<$h' o^tj but ddmit the mteFventicm of 
rrciosvevse fibres which oonitituteucells. 

lAJl bofies sLvt t oeUiitetry ^but the porotity v»ie6 
in different parts of the same bo^ ^m ^ mcp- 
"fkce the ^lls are «o ^mall as to ibe ^carceljr 
f^roep tibiae, -bift ihey conspicuottsfy increase 
iti magmtdde toirardis the eemtte. 

The ^mtrro^ whicfa^lls the cavities of imm 
is ata oil cidntsuned inthe Qetts ^of a^^ftye tratfupia'* 
rent menibrane ^hat iti^eivefi rnxmeroiis bloidNd^ 
viftssels. 'It has diffi^rent app^d^uraxices in difibreM 
bon^, and 6ven varies Jn t^ e^adiie bonte M 
different ag^s. I^ yout^ it is ve^ ^flaid find 
reddish; in middle life it beccAn^ n^itM and 
<^f% thicks ^(msistiencet; ^wd 4n did ^aig6 ^it ^iA 
«hiti^nd wntitry. : 

In some instances bones are imfti^esiMy 
joined together, as the bones of the head, which 
we itfnited Ce^tfaer ^qMrnaed^e^gM ; ^fbe^in- 
dan^tions ¥8C6fVteg.6aclh ^dilicr ^kcMtftelf; 
The aMicula»ibn4f ilie^M^ i^4ano<iiiirtesUUM 
of imtflo^tttble utf ion ; whitth, in iuf plifidi^4t 
similar to tliat % ^whSeli ^ «idl<iteiii^^4n1to e 
piece of wood remains feced in it 



AKsfHAQL STRCCTVilE AND FUNCTIONS. (S35 

Tlie (moveable joints are covcned with smooth 
cartilages, by which the friction arising .from 
their action is considerably diminished : this is 
49till further reduced by the secretion 4]if a lubri- 
/eating flurd, called synovia, which is retained 
%retween the extremities of the bones i)f capsu- 
lar ligaments. 

The moveable bones are kept in their proper 
.situations byi^trong ligaments, which pass >iTom 
one bone to the other. 

Bones have irregukr siir&ces, by means of 
which the muscles are the more firmly attached 
to ibem. 

Although the d}ones whtcJh constitute ^tibe 
human skeleton do not stand perpendicular 
nfhen the body is in an lerect fiositiou ; yet a 
liue drawn from tiie comnoon ceatre of gravity 
ivould fall in the middle of the commfon base 
-which they fonn : thk^not only gives igreat 4Sta- 
>biUty to the body, but likewise mope jease ansd 
strength than it wtouM dbtain if the ibones luftl 
been plaoed in lines perpesidiculalrtD tbe bwizon. 

• • • 

The hard part of bones of warm ^Uooided ^ani- 
mals consists of phosphate of lime. The shells 
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of cold blooded animals are formed of carbonate 
of lime. 

• • * • 

' Mtcscles are soft contractile fibrous masses, 
'formed of a pulpy substance, enveloped in 
cellular membrane. By what means the mind 
operates on those organs so as to produce mo- 
tion, is unknown. 

^Muscles when submitted to chefnical analysis, 
afford water, empyreumatic oil, nitrogen gas, 
carbonate of ammonia, and a coal^ containing a 
.small portion of fixed alkali. 

- « 

For the purposes of growth, repair, and sen- 
sation, muscles are abundantly supplied with 
t arteries, veins, absorbents, and nerves. 

. On the surface, and in the interstices of mus- 
cles^ fat is deposited, contained in the cells of 

:that loose substance, called cellular membrane, 
which universally envelopes them. By this ar- 

rtangement, a beautiful snioothness is given to 

!the surface of the body, and a supply is pre- 
served for the support of the animal^ ifhen a 
sufficient quantity of food is not furnished by 
Ithe organs of digestion. \ 

Fat is an animal oil; inflammable, and diffeN 
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ing from marrow only in its density. It con-^ 
tains an acid, called the sebacic, which, wheh; 
highly concentrated^ is said to exhibit the same 
properties as the acetic acid- 

The exterior covering of the human body 
consists of three parts, the Cutis or irut skin^ 
the Mucous Membrane, and the Epidermis^ e.v- 
temal or Scarf-skin. 

The arteries of the true skin are of a small 
diameter, but very numerous ; the veins are of 
much larger dimensions. From the extremities. 
of arteries, called exhalants, perpiration exudes, 
the quantity of which is found to exceed that 
of all the other collected secretions of the body.: 
The extremities of the nerves of touch are also 
so generally distributed throughout the cutis,, 
that the point of the finest needle cannot be 
brought in contact with any part pf it without 
exciting an instant sensation. 

The cutis abounds with gelatine, and in the 
art of combining tan whth this substance, the 
process of making leather consists. 

« 

The colour of different nations 13 produced 
by that of the mucous membrane, which lies 
immediately upon the cutis and beneath the 
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epidermis. TiS the African, it is Wack, in the 
ATxrerican, of reddish hue, in the EuTopeaiij of a 
yellowish pink colour. On analysis, it yieW!s 
carbon, albumen, amnnonta, ' and water. The 
peculiar whiteness of albinoes is said to be oc- 
casioned by a total deficiency of this mucous 
mcfrabratie. 

The epidermis is an insensible, semi-trknspa- 
rent, reticulated, membrane, covering the whole 
body ; it shields the extremities of the nerves 
and blood-vessels distributed on the cutis, from 
the painful or injurious contact of irritating 
substances, and gives a smoothness and beauty 
to every part. It is formed, like all other parts*, 
by the blood-vessels ; but when formed, their 
tubes can no longer be traced in it. It is chietfy 
composed of albumen. 

All the parts we have described are formed 
and supported by Ithe blood. It remains to shetr 
from what sources this important fluid is itself de- 
rived, and by what means it is so generally dif- 
fused throughout the system. 

The food of animals, after having been masti- 
cated iand mixed with saliva, is admitted into 
the stomach, where a prbcess takes place, which 
the art df chemistry cannot in any degree imitate, 



\ 
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namiely, digestion. The food in the stonmeb) 
iS' first converted into a gi^yish oolj3ured fluid^: 
oalled' chyme, which, after passing into the up- 
per part of the intestinal canal, is separated froip, 
its grosser parts, assumes the appearance of milk, 
and is called chylis : In this sta^te it is; taken up 
by a number of absorbent vessels, calledi lacteal^ 
which, uniting in one trunk, convey it to a, 
large vein which.^ communicates with the hearty 
The gross remainder of the food proceedings 
through the intestinal canal, which is one con-^ 
tinuous tube, is then naturally discharged. 

The secretions of the stomach: aad panores^^ 
aided by the heat of idie body, are supposed t^t 
be the chief agents in the wonderful formati^i^ 
of chyle. lb is* known that the stomach secre tq& 
a* fluid, called the gastric juiqe^ which has th|^ 
property of coagulating milk.; ajid it is alsp as-j 
certained that milk, when received into the 
stomach, is always coagulated before rt is di- 
gested ; but- here our knowledge terminates, 

The gastric juice when an^alyzed yieldjS gelar. 
tine, phosphate of soda, and water; buit the^e 
results will not account, according to chemical 
prificiptes, fpsi tlm dfect whi^qh o?ay ^very (jtay 
be observed in the proflos^ of n^^.i,n^ chees/^^ 
where the small, ^^ttlity q^ g^^i^ fiv^i4 
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contained in a piece of the stomach of a calf, is. 
found sufficient to coagulate a large vessel fiiU 
of milk. The subsequent changes produced on 
digested food, are still less understood 

The heart of warm blooded animals may h6 
compared to a muscular bag, divided into four. 
cSavities, viz. two auricles and two ventricles. 
The auricles receive blood from the veins, and 
transmit it to the ventricles, the sides of which 
contract and propel it into the arteries which 
arise from them. . Each auricle is separated 
from its ventricle by a curiously constructed 
valve, which readily permits the blood to pass 
into the ventricle, but effectually prevents its 
return ; so that when the ventricle contracts, it 
is necessarily forced into the tube of the artery 
which is open to receive it, and through which 
it performs its destined circulation* 

The heart may be considered as a double or- 
gan, each auricle and ventricle performing a 
separate circulation. To explain the use of this 
structure, it is requisite, first, to give a short 
description of the lungs. 

When we inspire, a volume of air passes, down 
the trachea, or wind-pipe, and inflates a great 
number of membraneous cells, the sides of which 



ANIMAL STRUCTURE AND FUNCTIONS. 241 

are covered with the branches of arteries. These 
cells, connected together by cellular membrane, 
form collectively the organ called the lungs. 
In expiration, the air received is again expelled. 

The blood which has circulated through the 
body is returned by the veins to the right auri- 
cle of the heart, but greatly altered in its colour 
and qualities; its scarlet liue is changed to 
purplish black, and it is no longer capable of sup- 
porting the vital functions. To restore its lost 
qualities it must undergo a chemical change by 
being exposed to the action of the atmospheric 
air. For this purpose it is transmitted from the 
right auricle of the heart into the right ventri- 
cle, from whence it is propelled into a vessel, 
called the pulmonary artery, * the blanches of 
whichramily on the cells of the lungs. Through 
the coats of these arteries the inspired air operates 
the necessary change. The blood recovers in 
those vessels its vivid colour and lost properties, 
and is again rendered fit for the functions of 
life. In this renovated state it passes through 
the pulmonary veins to the left auricle of the 
heart, is received into the left ventricle, and 
from thence it is transmitted through the large 
artery, called the aorta, to be distributed for 
_ the support of the .whole; Ijpdy. 



In man, the quantity oT blood tratismiWeif 
through the pultnonaTy artery is equait to that- 
which passes through the aorta; and thesurfeiee* 
of thecells;of thefungs taken colltectively is equal- 
to that of the exterior surface of the whole body. 

To account for the change effected in the- 
blood, by passing through the vesseb of the 
Itings, let us examine whether the inhaled air 
contained' m their celfe undergoes any corres- 
pondent altferation. The air we breathe is com- 
posed of oxygen, nitpogen, and a small qitan^ty- 
of! carbonic acid gas ; but this air, when respired, 
is fountf to have lost nearly the whole* of its 
oxygen, and to have acquired a- considerable^ 
addition of carbonic: acid gas; its nitrogen re- 
maining- undinnnished. The renovation orthe* 
colour and properties of the blood^ is- arso* fbund^ 
chiefly to depend oa the- oxygen which it has- 
abstracted frdin the inhaled' air. Dr. Priesftty 
has> sbeiwn that if vemms- blood be encI\osed< in 
a bladder, and' placed in oxygeo gas, i* wiAl re- 
gain its florid cotour ; the oxygen- will Be 
diiminished nt quantity, and the we^ht o^ the 
blood will! beencreased according to^e weigbto 
oi the gais whicfr has disappeared. 
« 

Animals cannot exist m air deprtved* ^ i*s 
oxygen^ and if Killed by confining them for a 
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few minutes in de-oxygenized air, all the blood 
which they possess will be found of the dark 
venous colour. 

From these experiments the disappearance of 
the oxygen in resprred air is satisfactorily ex- 
plained; but the additional quantity of carbo- 
nic acid gas contained in it, rs not so readily 
accounted for. It is corrjectured by some, that 
a quantity of hydro- carbonaceous matter is 
given out by the venous blood, and that all the 
oxygen inhaled, does Bot combine with the 
arterial blood, but that a portion of it, uniting- 
with the hydrogen, forms water, and corrstitutes 
the moist vapour of the breath; and that ano- 
ther portion, uniting with the carbon, forms the 
carbonic acid. The quantity of carbonic acid 
gas in respired air is found to be about ten times 
greater than the air inhaled contains. 

Different classes of animals have different de- 
grees of natural heat. And it is known that 
animals of the highest natural temperature de^ 
compose in their lungs the greatest quantity of 
air. Toads have been found alive enclosed in 
blocks of marble, where they must have been 
imprisoned many years, totally excluded from 
air ; but the blood of these animals never ex- 
ceeds the temperature of the medium in which 
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they exist. On the contrary, th6 blood of the 
larger animals, and of man especially, preserves 
its natural heat, which is about 96 Fahrenheit, 
in all temperatures, whilst the powers of life are 
vigorous. It is supposed that the decomposi- 
tion of air in the lungs is the source of animal 
heat. Oxygen gas being composed of oxygen 
and caloric, it is presumed that when the oxygen 
combines with the blood, the caloric is disen- 
gaged and diffused throughout the system. 
Dr. Craufurd has endeavoured to prove that the 
air and vapour discharged from the lungs do 
not contain more than one- third part, of the ab- 
solute Ixeat of the air inspired ; consequently^ 
th^Lt a considerable quantity of heat is actually 
acquired by the system at each inspiration: 
but it has been objected, that if animal heat 
were really produced in this manner, the tem- 
perature of the lungs would be greater than that 
of any other part of the body, which is found 
not to be the fact. This objection, however, is 
not conclusive. The heat evolved in the lungs 
may be conveyed throughout the system by 
some adequate means as yet unknown. 

» 

By what process the glands of animals, such 
as the liver, pancreas, &c. effect their several se- 
cretions is a subject too intricate and too im- 
perfectly understood to be discussed in a work 
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professedly introductory. It is only necessary 
to say, that in each of those organs, as far as 
their structure and functions have been investi- 
gated, the power and wisdom of the great artist 
are wonderfully apparent. And for the benefit 
of mankind, it is earnestly to be hoped that the 
progress of chemical science may contribute to 
elucidate this important part of physiological 
knowledge. 

Of the functions of the brain still less is 
known. It is the organ of perception and voli- 
tion^ and, in msUi,. th^fcoidciicc of au Iiumortal 
spirit The nerves are also known to be its 
channels of communication. But by what pro- 
cess external impressions are conveyed or per- 
ceived, or the determinations of the mind formed 
or transmitted, is a mystciry probably never to 
be revealed to the limited faculties of man in bi$ 
present state of existence* 




During the printing of the present work, ProfessorDavf/ 
has published an opinion respecting axymuriatic acidjwhichy 
if it shoidd be establishedjtciU tend to produce a remarkable 
•ehange in ihe whole theory cfGiemistry. 

It has been considered by the French chemists Lavoisier 
and Fourcroyj th&t os^muriatic acid is a supersaturation 
of muriatic add voiih oscygen. Mr, Davy is endeavouring 
to shew that oxymutzatie gasy "ttikich is the putefortn of this 
metify'is nc^€Si~bxyg onSffHl *^^*"; ' -' — r it rrmfain tnw 



muriatic add; but thai it is a new mtddisimct element of 
nature^ incapable cf oxydiadng metaia; ^tind thai vohen it is 
united with hydrcigen^ it constitutes muriatic add. 



J. Poolei Fiioter. Taunton. 
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